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Foreword

The publication of this vohime on Arthropodborne Diseases Other Than
Malaria completes the preventive medicine discnssion on communicable diseases
t this historical series of World War 11,

In chapter I, Introduction, the late Dr. Henry S. Fuller, Chief of the
Department of Rickettsial Diseases at the Walter Reed Army Institute of Re-
search, Washington, D.C., has stated snecinetly many of the ontstanding nt-
ters about which T wonld comment had not Doctor Fuller already done so in
a practical, down-to-earth manner. He has splendidly set the keynote for the
succeeding chnpters in this book. Throughout the entire volume the reader
will likely hold in one hand at all times the potential hazard of infection with
arthropodborne disease, while in the other he holds the key to either success or
failure—the effectiveness of military preventive medicine.

As is true with all volumes which have been published in the historical
series of the Medical D. partment, U.S. Army in World War 11, the knowledge
contained in this book is of great importance today not only to the Armed Forces
but also to all of our Nation’s health resources, as well as to others who are
attempting to preserve the peace and to improve the lot of man in far-flung
areas of the world.

To all those engaged in the varions health fields and particularly to those
whose continnous responsibility it is to maintain and improve the health of our
military and civilian personnel, nt home and abrond, this volume is of inesti-
mable value. For those personnel of our militnry, of other govermmental
agencies and of privately supported medical netivities who are now or at some
future period may be engaged in furthering the general advancement of our
people-to-people program in those areas of the world which we think of as
underprivileged, and for which great efforts are being made to improve their
national health and well-being, this volume should be un essential text. Medi-
cal officers and practicing physiciang in the fields of preventive medicine and
internal medicine will wish to consult and read this text which, althongh histori-
cal, is a gold mine of information of current value.

As I read the book manuscript, I was impressed again and again, as I have
been many times during my own long military career—and particularly in 1y
position as The Surgeon General which has reqnired extensive travel to many
areas of the earth—with the existing and potentinl incidence of the arthropod.
borne diseases amongst the populations of a large purt of the world, including
the so-called developed nations. We in the Army Medical Service, as well as
in our sister services, have given great thought and attention to these health
and military problems. These diseases have ocenpied the tinte and best efforts
of many in our field surveys, resenrch lnaborntories, hospitals and dispensaries,

X1



X111 FOREWARYD

classrooms and bourds nnd camnittees of medical experts.  This i< equally t1rne
of the higher offices of Government and the halls of Congress.  Ta the Intier
we are deeply gratefnl for the understanding apprapriation of funds for 1he
contimmtion of wany stndies and research Iegun before, or during, World
Wr I, or continued thereafter and direcied 1owurd the eradieation or control
of snch devastating disenses as epidemic and mourine ty phns fevers, serub typhus,
dengue, plagne, yellow fever, filariasis, and others.

When confranted with these conditions in Workl War 11, wmany medicnl
officers bad no real previons elinical experience with them,  Old knowledge hiand
to be relenrned, new knowledge had to be gained, and hoth had to e applied
in the sitnations nt hand.  Likewise, it was with commanders of small nud Inrge
bodies of troops who failed at fist to 1ake sevionsly the aetnal impact which
these disenses conld and wonld Lave upon the comubat effectiveness of thrir
troops. It was imperntive that hoth medical ofticers and commmnders e ori-
ented and indoctrinated accandingly.,

The fnrsightedness which the late Brig. Gen. James Stevens Simmons,
wartime Chief of the Army’s Preventive Medicine Service and Dr. Francis ¢4,
Bluke, Dean of the School of Medicine, Ynle University, demonstrnted in
establishing the Board for the Investigntion and Control of Influenza and
Other Epidemic Diseases in the Ariny (later enlled the Army Epidemiological
Board) went far in providing the expert assistnnce in the direction and control
of mnny of these conditions, Various memnbers of this Board nnd its componet
commissions conducted invaluable field work in practically all areas of the
world where our troops were located, as well ns in many university laboratories,
making possible the technical knowledge which was then, and is now, utilized
by the Medical Department personnel in the recognition, the control, and the
treatment of these diseases. Too much cannot. be said in recognition of and for
the positive contributions made by the Army Epideniiological Board and also
the United States of America Typhus Commission, the latter being established
by Executive order of Presilent Roosevelt in December 1942. Tt was most
appropriate for Brig. Gen. Stanhope Bayne-Jones, MC, USAR {Ret.), to
disciss the activities of this most important body in chapter X of this book.
No discnssion of typhus fevers in World War 11 conld be complete withont an
acconnt of the active role undertaken by the Typhus Commission. The unique-
ness of its organization, its personne] of highest professional caliber, and the
control and operation with full support from highest. governmental circles made
possible a most effective agency in the control of typhus fever. (General Bayne-
Jones writes not only from a background complete with knowledge of the
typhus fevers, bnt also as a former member of this Commission of which he
was the Director from 1943 to 1946, when it was disbanded.

This volume, written as it has been by 10 established authorities, is one
of the most interesting, readable, as well as informative, medicomilitary his-
tories which I have had the opportunity to review and for which I have had the
pleasure of preparing a foreword. Althongh I have devoted most of iy pro-
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fessional life to the practice of general snvgery. 1 found myself deeply engrossed
in the presentations cantained in this bhook--perhaps becanse in my present
role wany aof the disenses discnssed here have far-veaching implications today
i onr efforts to gnin and snpport the freedom of all peoples thronghont 1he
world.

With thix volume  print, a commendable comtribution to medicomilitary
history, and to medieal liternture in general, has been made. To the authors
md editors, ta The Histarienl Unit, US0 Anny Medienl Serviee, and ta all
others who have made this passible, aur gratefunl appreciation is expressed.

Lroxakn D, Hesvroxs,
Lieutenant General,
The Surgcon General,



Preface

Fromc the beginming of vecorded military history, arndes a1 war bave been
afflicied by discases barne by insects, mites, ticks, nud fleas belonging to the
anivd phvtma Avthropoda.  Malaric and otber arrhropodborne diseases have
caustineted an enemy on an additional fron, ane which often wreaked more
haver than the human enemy.

1n vobie VI of 1his series, the story of malaria control in World War 11
lias been 1oll. The present valne is concerned with other diseases borne by
mthropesds and witlarhe measurves taken to minimize their impact npon military
cpermtions.  The general snecess of the U5, Army’s miensures in preventing
the anhropadbarne diseases, in spite of their frequemly high incidence in
neigldwring civilian papnlations, spenks elogquently for the value of the control
programs.  These inclided 1he developnent and nse of insecticides, snrveys,
chemmthernpy, nid other measures. Thix general snevess points up the neces-
sity for emadinmed vignlanee and forther research.

The sanhors who have andertuken the task of preparing the chapters in
this volmpe Luve striveic1o record necurately the failnres as well as the suc-
cesse~ i the difficuh fight agninst the arthropadborne diseases diuring World
War 1L They have cavered their snhjects fram the standpoint of their own
actual experience.  Gratenl appreciation is expressed ta them far their coop-
ertion.  Thauks are also extended ta wll of those who reviewed the. chapters
aud made valmble suggestions to the nnthors.  Far this essentinl help, thanks
are expressed to: D Jdestin M. Andrews, Dr. Stunhope Bayue-Jones, Dr.
Lowell T. Coggeeslinll, Dr. Quentin M. Geinm, Dr. Jolm E. Gordon, Dr, Wil-,
liam MaceDowell Hammon, Mr. Willinm A, Iardenbergh, Col. Gottlieb L., Orth,
M USA, Dol R, Paad, Dr. Thoums B. Torwer, Dre. Thowas G Ward,
and Dr, Andrew JJ. Warren.  The interest and support of the Inte Dr. Francis
G, Blake and 1le late Dr. Elliot S .\ Robinsmie are recorded here with
gratitide.

This presetd olinme, ax well as the others in the Preventive Medicine series,
ix the outcome af the planing, direction, and detniled concern of members of
the Editorinl Ndvisary Boand individually aud as o body.  Dr. Stanhope
Bayne<lones. Chairman of the Board, has branght to hear npon this volnme
Lix awn significant experiences in the preventive medicine progmm during
Workl War 11, In writing snd reviewing nnd in his detailed scrutiny of the
entire volume, Dr. Bayne-Joues has comtribited smmensnrably to its content.
The whtors and veaders are deepdy indelted to him. Dr. Panl F. Russell,
menmber of the Editorial Advisory Bourd. not anly participated as a consultant
ta vohie VI an malbaria but has alue reviewad in detnil each chapter of the
present valmwe,  Genteful thanks are extended to him.
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XVI PREFACE

The Editorial Oftice for the preparation of the preventive niedicine history
is situated at the Medical College of Virginia, in Richniond, and functions
nnder it cantract with the Office of The Surgean (teneral.  The editors express
their appreciation to the ’resident, the Comptroller, and other ofticers of the
Medical College for their cooperation which has made possible the work of this
office. The Editor of the preventive riedicine series records lis appreciation
of the achievements of Col. John Boyd Coates, Jr., MC, US\, Editor-in-Chief
and Director of The Historical Unit, U.S. Army Medical Service. In the
task of preparing the comrrehensive history of the Medical Iepartment, .S,
Army, World War II, of which this series is a part, Colonel Coates is making
a valuable contribution to modern medical literature.

The authors and editors have again greatly relied upon the services of the
Medical Statistics Division of the Office of The Surgeon General. Mr. E. L,
Hamilton, Chief, and Mr. M. C. Rossoff, Assistant Chief, Statistical Analysis
Branch, have not only provided essential data but have also checked and re-
viewed all statistical information in this volmme. Their contribution has been
& substantial one. The Scientitic Illnstration Division, Medical Illustration
Service, Armed Forces Institute of I’athology, under the direction of Mr. Her-
man Van Cott, prepared the illustrations for this volnume. Maps were prepared
by Miss Elizabeth P. Mason, Chief, Cartographic Section, and Miss Jean .\.
Suffran. Cartographic Draftsman, of the Special Projects Branch, The Histor-
ical Unit. Research assistance was rendered by Mrs. Claire M. Sorrell,
Historian, of the General Refereice and Research Branch, The Historical Unit.

The editors gratefully acknowledge the assistance of Mrs. Marjorie G.
Shears, Editor, of the Editorial Branch, The Historical Unit, who performed
the publication editing and prepared the index for this volume.

Espe Coxns Horr, Ph. D., M.D.
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CHAPTER 1

Introduction

Henry 8. Fuller, M.D.

Humanity hag but three great enemies: Fever, famine and
war; of these by fay the greatest, by far the most terrible, 18
fever. * * * as far back as history will carry us, in ancient Greeve,
in ancient Rome, throughout the Middie Ages, down to our own
day, the noisome pestilence, in whatsoever form it assumed., has
been dreaded justly as the greatest of evils.—Osler, 1896,

The main groups of arthropods of military significance are the same as
those which are important as vectors of diseuse among civilians and lower
animals. These insects are certain mosquitoes, sandflies, lice, ticks, and mites.
Of these, the mosquitoes, carriers of malaria, yellow fever, dengue, some types
of encephalitis, and filariasis, are transmitters of the greaiest number and
amounts of noisome pestilences in this category. Furthermore, of the disenses
in this group, malaria outranks all the rest. Indeed, malaria was so prevalent
and so devastating among troops in the Pacific areas, the Fur East, and the
Mediterranean region during World War II that an entire volume!® in this
series was required for adequate presentation and discussion of its varied, ex-
tensive and important problems, and the fight waged agrinst ninlaria,

The present volume, therefore, deals with the arthropodborne diseases
other than malaria, and other than tularemia, which although tickborne in
some instances happened to be included among the communicable diseases
discussed in another volume ? at an early time in the planning of this series,
because of emphasis of transmission by contact. While malar.a is not one of
the subjects of this book, brief reference to past experience with it must be
made here to establish perspective.

The U.S. Army entered World War II with prior experience in mosquito-
borne and louseborne diseases. During the calendar year 1898, which included
the Spanish-American War (24 April-10 December 1898), there were re-
corded ? the following insect-borne diseases in the Army : Melaria, 90,416 cages;
yellow fever, 1,160 cases; and dengue, 249 cases, with fatality rates per 1,000
cases of 4, 123, and 8, respectively. As is well known, yellow foever was the
great killer, and this fact has obscured the important role played by malaria.

1 Medical Department, United States Army. Preventive Medicine In World War 1I. Volome VI.
Communicable Diseases: Malaria. Washington: U.8. Government Printing Office, 1983,

3 Medical Department, United sulte- Army, Preventlve Medicine In World War II, Volume V.
Commnnicable Di Tra Th h Contact or By Unknown Means. Washingtun: U.S.
Government Printing Ofies, 1960, pp. 131-138,

3 Report of The Sufgeon General. U.8. Army. Washington: Government Printing Office,
19001901,

1



] COMMUNICARBLE DISEASES

In 1899, the year following that war, malaria continned te produce the highest
morbidity vate, while yellow fever produced 262 cnses with a fiiality rate of
210 per 1,000,

Three insect-horne diseases are vecorded * for U.S. troops in World War 1.
Again nalaria takes first place with 16,930 recorded cases and with high at-
tack rates for troops stationed in the United States, Panann, and the Plilip-
pines. Trench fever made its debut. in wilitary medicine in World War 1.,
with 961 cases recorded for the American Expeditionary Forces in Europe.
The third insect-borne disease of World War 1 was classical, louseborne,
epidemic typhus, with 47 reported cuses. Thus, prior to World War II, ma-
laria, yellow fever, dengne, trench (Volhynia) fever, ond epidemic typhus
were the arthropodhorne diseases with which the Ariny Medical Corps had
bad firsthand experience. It follows, therefore. that our Army’s practical
experience in dealing with vectors was virtually limited to certain of the
anopheline vectors of malaria, the culicine vectors of yellow fever and dengue,
and the boady louse which transmits trench fever and epidemic typhns.

‘The arena of World War II, comprising all of the major land masses
and nmiany islands from the smllest to the largest in size, saw onr troops
exposed for the first time, in »fnmiline surronadings, to 1 wide varietv of
infectious disenses. The hazard of infection was often unknown to the troops,
their medical officers seldom had hiad previons clinieal experience with such
problems, and most of the military entomologists were meeting vectors new
to them. The results of mass exposure af the Army to infected vectors are
indieated approxinately in table 1.

In introducing this history. it is useful to consider military problems in
arthrepodborne disense from the distinctly difierent standpoints of the line
ofticer, the medienl officer, and the entomologist.

The tield commander encounterel onr present group of diseases in several
types of setting. During training and staging operations, for example,
filariasis was important in troops being readied in American Samoa for the
assnult on enemy-held islands in the Pacific. The fenr of contracting this
infection, in purticnlnr the horror of elephantiasis as a possible consequence,
severely affected the mornle of men who were shocked by the sight of natives
whose scrotums were enormous. The fenr of sterility wns enhanced by the
knowledge that there was no effective drug for trentment of filariasis. It seems
probable to this anthor that the fenr motivation—fnndamentally undesirable
though it be—prompted men to cooperate in mensures designed to control
mosquitoes, to prevent mosquito hites, and to avoid contact with indigenes,
althongh soldiers nre not nsnally afrnid of contact with local inhabitants as
indieated by the large number of cases of venereal disease in all theaters?

4{1) The Medlcal Department of (he Unlted Rtales Army In (he World Wnr. Washlagton: U.8.
Government Prinding Office, 1928, vol. IX, pp. 483, 483, and 313. (2) The Medienl epartment of
(he United Statea Army Iln (he World War. Washington: Government Prinling Office, 1923, vol.
XV, pt. 2, pp. 580-669.

5 Medical Department, United States Army. Preveative Medicine In World War 11. Volume V.

Communicable Mseases Transml(ted Through Contact or By Unknown Means. Washington: 1.8,
Government ’rin(ng Office, 1960, pp. 139-341.



INTRODUCTION 3

TasLE ).— Estimated incidence and deaths, and case fatality rate, due to arthropodhorne diseases
1 the UK. Army, 10042-45

[Preilminary data based on tabuiations of individual medicul records]

Disease Incldenre i Deaths  Fatulity rate
(numtwr) (number) ;porl.ooousn

Malaria- - . ..ol il 378, 000 302 0.8
Dengue.__ ... . __..___........ ... e 91, 000 4 0.0
Sandfly fever.____ il _ 19,000 0 ‘l 0
Scrub typhus_. . ... _______. .. B A 5, 400 283 | 52. 4
Filariasis - ... . ... ... . ... .. _. i 12,500 | 1 .4
Murine typhus. ... .... ... & 800 | 15 1838
Leishmaniasis_. .._.. . _ . - A 500 | 0 ht
Encephalitis.. .. ... _..__. . 1400 ! 21 52.5
Tularemia. ... __.._._..._.. ___. le ee. omrm. 200 | 4 20.0
Relapsingfever ... ____... ... ... . .. . ; 170 ; n 0
Rocky Moun’ iin spotted fever.__ . . ________. __ 130 12 92.3
Epidemie typhus. _ _.___._ ... .. .. ... ... 100 0 0

1 Admissions only, data on secondary diagnosis cases ure not available for 1942 and 1943.

8 : Tables of incid and deaths from “Infectious and Parasitic Diseases in the United States Army During
World War1l. Each Theater by Specific Disease and Year.”" Department of the Army, Office of The Surgeon General,
Medical Statistics Division, 28 July 1984. (Revised to Include changes made up to $ October 1960.) The following notes
are quoted from the ashove-cited volume of statistical tables:

The data are to be d pre! y pending pubiication of final tabulations of the individual medical records
@.D.

Caution should be exercised in evaluating the dats for low Incidence d iseases which were based on smnall (that is, 20
percent) samples (p. fi).

For purposes of this vol the Mediu theater Includes North Africa and the North American thuater n-
cludes Alaska and lceland (p. 11f).

Although the mortality data wers based on complete flles of Individual medical records, they too are to he considered
provisional pending publication of final tabulstions (p. 1),

The suthor has used approximate rounded figuresextracted from s number of tahles in this mimeographed statistical
volume.

During and immediately after an invasion, dengue, sandfly fever, and scrub
typhus—each in its own locality—caused attack rates which will never be foz-
gotten by the commanders whose troops encountered them. Dengue and
sandfly fever struck down mnany men of invading forces, rendering them
noneffective against the usually immune enemy force, who were immune because
they had suffered their attacks several months or years previously. Thus, the
invading force was severely handicapped by disease during the critical period
of landing, and establishing a beachhead, even before it had an opportunity
to proceed with the business of securing the hinterland. Dengue and sandfly
fever struck like lightning, inflicting serious inroads during the first week of
exposure. Scrub (yphus, with its longer average incubation period and more
insidious onset, began to make known its presence during the second, third,
and subsequent weeks of a campaign. For its military significance, every line
officer should be familiar with the outbreak at Sansapor, New Guinea (ch. XI),
in which scrub typhus rendered a regiment ineffective more quickly and thor-
oughly than would have been expected as a result of severe enemy action.



4 COMMUNICABLE DIREANES

The aforementioned exaniples can be wnltiplied manyfold.  The lessans
learned shonld be poudered hy every line otlicer and corvied ont aceordingly.

The medieal officer, knowing full well 1hat the statistics in table 1 nre
snbject to mmerans fallacies, vealizes that the nimbers, in themselves, are no
indication of the severity of a particular disease problem at a given time nnd
place.  Malaria, of all the arthropodborne diseases affecting the Army in
World War 11, was af paramamt importance for approximately ane-fonrth
of the earth’s lmman papnbition lives in umlarial zones, and onr troaps were
present in most of the places where malaria flonrishes.

In terms aof locality, the Sonthwest Pacific theater recorded the greatest
mmbers of admissions for arthropadborne disease, ranking number ane in
this vespect, with the rank of the otlier theaters ax follows: Second, Centinl
nnd Sonth Pocifie; third, China-Barma-ludia: fanrth, Mediterranenn; fifth,
coutinental United States: sixth, Europe: seventh, Latin Awmerica: eighth,
Middle East: and ninth, North Amerien. The sume order of rank of theater
was observed for nmlnria admissions with the exception thnt continentul United
States rank>d fonrth and China-Burma-India ranked fifth. For dengue. the
rank of theater by admissians was as fallows: First, Southwest Pacific; second,
Centrul und Sonth Pocific: thivd, Meditevrnnenn: und fanrth, Chin-Burnm-
Indin.  For sandfly fever, the runk of theater by admissions wius as follows:
First. Mediterranean: second, Middle East: third, China-Borma-India: nnd
fourth, Europe.

Sernb typhns prodnced the following rank of theaters by ndmissions:
First. Sonthwest Pacific; second, China-Burma-India; and third, Central
and South Pacitic. Filariasis produced the following rank of theaters by
admissions: First, Central and South Pacific: second, continental United
States (not untochthonons, hut dingmosed by blood smear of troops evacuated
from1 overseas): and third, Southwest Pacific. Murine typhus ocenrred as
follows: First, continentnl United Stutes: and second, Centrnl and South
Pacific. Leishmaniasis, almost solely entnneous, was a problem of the Middle
East. Encephalitis, which is a heterogeneons assemblage inclnding entities
uot transmitted by arthropods, was reported mainly from the continental
United States. Rocky Monntain spotted fever was reported solely from the
continental United States. The remainder of the diseases in table 1—tularemia,*
relapsing fever (ch. VIII), and epidemic typhus (ch. X)—occurred in small
numbers of cases.

The values given for incidence rates for arthropodborne disenses in the
U.S. Army (table 2) are at once illuminating to those who saw active service
in one or more of these theaters, and shocking to those who did not. These
rates reflect the interplay between at least two factors, each operating to an
extent which is difficult to evaluate for any given theater. One factor is the
amount of potential hazard of infection with arthropodborne disease, while
the other is the effectiveness of military preventive medicine. .Although the
degree of hazard can be stated in rough, comparative terms, it is virtnally im-

¢ Slee footnote 2, p. 1.
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possible 1 ~measnre”™ by reason uf the mnltiplicity of factors involved. It
respuires little erdition to state thae the hazard of nnhropodbome disease was,
genernlly spenking, less in Alaska than it was in the Ckinn-Burma-India
theater: it is undonbtedly relevant to note that a Theater Preventive Medicine
Section was formed in ¢ ninc-Borma-India, for the first time, in late 1944,
Within that theater. the risk of mfnction, for example, with serub typhus was
nil for personnel why were not exposed to the vector species of chiggers. For
those engaged in actual combat in Burnm, the hazard was extremely high, as
evidenced hy excessive attack rates in Merrill’s Marauders and the Mars Task
Force iliring 1944 and 1945, respectively. Similar examples can be cited for
this and other arthrojuddbome diseases in varions theaters. That the rates
were uo higher than they were run be ascribed, in part, to the application of
appropriste preventive measures. lHowever, all the advice and recommenda-
tins will be ineffectnal if the imlividual combatant does not comprehend in
sonie degree the reasons for their application, and 2o nssist in their being carried
ont.  Althongh these troops were provided with repellent, which kills the
chigger vectors when nsed praperly, they iliscarded this muterial as well as
other equipment which they did not consider essential to their survival in
rombat.

Tonik 2. Incidence rates for arthropodborne diseasen sn the ['.S. .trmy, by theater or area
of admission, 1942-45

{Prelitninary data based on tabulations of individusl medieat records]
{Ratr expressed a8 number of caves m sanom pef 1,000 average trength)

Rank ‘ T\nueronm i Rate
S o= P o— — |
1 .. China-Burma-India...  ...._ _...._.. e aeeo., 114.69
2 . Middie Fast._ .. e e e ... 91.85
3 . Bouthwest Pacific_.... ... . ceee ceieal 87,59
4 . B Central and Bout! Pwlﬁc . . 86. 83
3 . o Mediterranean_ .. .. .. 5 a0 0oe 50. 58
[ Latin America. . o B e BBEsaAaa 06080 42. 76
7 Kurope___. .......  ....._.. R 4.9
] (‘munent-llniu-d States ... ... .. .. 3.12
M \oﬂhAmrriu ............ e e e .39
‘l'mlArny. ................. - 00 nos oooEog i 19, 56

Seuree: Modicul epartment, lnbﬂmhy Proventive Medicine in World War II. Volume 1V. Com-
municohly Disvasss Trasemitted Chislly Trough Respiratery and Al Y Tracts. Washi : U.8, Government
Primting Ofier, 1908, p. &,

With respect to mortality, it is clear that the greatest numbers of deaths
from arthropodborne disease were caused by malaria and scrub typhus. In
view of the availability of effective, specific antimalarial drugs, it seems fair
tw conclude that the deaths attributed to malaria—if correctly so—were pre-
ventable. Such was not the case with scrub typhus. As pointed out by Gor-
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don, the mmmual death rate of 14.6 per 100,000 for scrub typlins in the China-
Burmu-India theater topped that of any other conwmnicable disease in any
theater of World War II.  Fovtunately, in view of pustwar developments in
broad spectrum antibiotic chiemotherapy, deaths from scrnb typhas are now
in the preventable category, as ure deaths from wrine typhns (ch. X) and
other rickettsinl diseases.

Epidemic typhus, plagie, and yellow fever hnve been among the major
pestilences of previous wars. It is noteworthy, therefore, that the U.S. Army
in World Wur I1 expervienced only slightly move than 100 cases of louseborne
typhus, while there were no recorded cuses of plague or yallow fever. A critical
review of the facts presented in this volume leads to the conclnsion that this
experietice in Workd War I is truly o trimmpls of militnry preven.ive medicine.

When confronted hy actual situations involving arthropodborne diseases,
the medical officer is often understandably confused, 1or hic prior training,
experience, and viewpoint have rarely eqnipped him to deal with such situations
with equanimity.  In approaching the snbject, therefore, it is helpfal for him
to bear in mind the following pomnts:

Three general princlpler govern the efficiency of arlhropods as vectors of human
disease and of other animal species as reservoirs of infectious agents. They are the
character of the exlsting host-parasite relallon between species and Infectious agent con-
cerned, the population numbers of vector or anlmal reservolr, and the relationshlp to man
of the specles acling as reservoir or veclor. The first Is Inherenlly a biologle matter ; the
other two bring Inlo play the whole ecologic complex. Populatlons of arthropod vectors
and anlmsl reservolrs are Intimately reiated to the physical environment for as the physical
envlroument acts on man as a host, an ilkewise it affects these other hosls®

One who reflects upon these ecological considerations will realize the com-
plexity of the problem nnd the consequent requirement for comiplete cooperation
between physician and entomologist.

The entoniolagist las a primary, indispensable role in the prevention nnd
control of arthropodborne infection. Of the six human diseases snbject. to inter-
national convention, fonr ave arthropodborne: epidemie typlims nnd relapsing
fever, trnasmitted by lnnnan body lice: plagie, by certain rodent-fleas: and
vellow fever, by certain enlicine mospiitoes. This fuct alone serves to place
these dread disenses in perspective for the wedical entormologist.

Of the ‘lisenses considered in this volime, effective vaccines for general
use are avnilable oaly for yellow fever, epidemic t¥phns, vmrine typhns, and
Rocky Momtain spotted fever, while the effectiveness of varions plague vac-
cines continues to be a snbject. of investigntion (ch. VII), For prevention and
control of these diseuses, however, these vaccines supplement. nnd do not snp-
plant, vector control, whicli remains the core of arthropodborne disease control.

*gordon, John E.: Genernl Conslileratlons of Modex of Transmisslon, Jn Medical Depsrtment,
Unlted Siajes Army.  Preventlve Maodielne 1o World War 11, Volume 1V, Communicable Diseases
Transmitted Chlefiy Through Respiratory and Alimentary Tracts. Washington: U.B. Government
Printing Office, 183K, 1. 40,

¢ Gordon, John E.: Ecological Investigation of Disease. /n Rewearch In Public Health. jPapers
presented at the 1951 Annual Conferenee of the Mllhank Memorial Fund.] Mllbank Memorial Fund,
New York, 1032, pp. 49 -85, esp. p. 53,
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This fact is emphasized (1) in order to place vector control in perspective in
its relation to disease control, and (2) because the folly of neglecting or omitting
vector control has been so convincingly demonstrated on so many occasions
that the experiment need not be repeated. He who doubts the truth of these
statements will do well to ponder tle lessons contained in the ensuing pages
of this volume.



CHAPTER 11

Encephalitis
Albert B. Sabin, M.D.
SIGNIFICANCE OF THE TERM “ENCEPHALITIS”

The clinical diagnosis of encephalitis covers a multitude of clinical, path-
ologic, etiologic, and epidemiologic entities. Clinical records from civilian
as well as military medical practice reveal that the diagnosis is commonly
made whenever clinical manifestations suggestive of cerebral disturbance (rang-
ing from mild lethargy to coma, from slight delirium to complete disorienta-
tion, from restlessness to convulsions) are associated with an otherwise
undiagnosable febrile illness. The diagnosis is also not infrequently made
when the aseptic meningitis syndrome is associated with what may be inter-
preted as lethargy or unusual restlessness. It is made not only when cerebral
disturbance is associated with pleocytosis, but also in its absence. The clinical
diagnosis of encephalitis is not infrequently made when toxic encephalopathy
is associated with certain bacterial infections.

The unqualified diagnosis of encephalitis has no significance for either
civilian or military epidemiology because it deals with totally unrelated
diseases. Unfortunately, neither civilian nor military reporting of encepha-
litis has ns yet required the qualifications which would lend the data any
significance, Military preventive medicine and epidemiology are obviously
especially interested in the encephalitides which may occur in epidemics.
During World War I and in the decade which followed, encephalitis lethargica
(von Economo’s disease) appeared as an epidemic disease. Between 1930
and 1940, however, this disease became extremely rare, and a new group of
epidemic summer encephalitides of diverse virus etiology was recognized as
a source of potential dsnger. The epidemics of St. Louis encephalitis in the
St. Louis area in 1933 and 1937; the outbreak of eastern equine encephalitis
in human beings in Massachusetts in 1938; the demonstration in 1934 that the
oft-recurring epidemics of summer encephalitis in Japan were due to & virus
which was related to, though antigenically different from, that responsible
for St. Louis encephalitis; the discovery in 1937 of the spring-summer type
of encephalitis in the forested far-eastern regions of the U.S.S.R. and the
demonstration that it was caused by a new virus which was tickborne—all
brought to light new epidemic diseases which were of special concern to the
military epidemiologist.

T18-761'—84—3 9
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ENCEPHALITIS DURING WORLD WAR 1

There were 80 admissions for encephalitis in the Army between 1 \pril
1917 and 31 December 1919. Little or nothing is known of the clinical varieties
included in this number, but it is noteworthy that 27 deaths occurred, yielding
a case fatality rate of 33.8 percent.! It is probable that some of these cases
were the then newly recognized von Economo’s disease.

ENCEPHALITIS BETWEEN 1920 AND 1940

The Army was apparently little concerned with encephalitis during the
1920-40 period. Although a number of new encephalitic viruses were dis-
covered between 1930 and 1940, the natural history of the infections, particn-
larly as it related to human disease. was still in the earliest stages of
investigation and very poorly understood.

It may be recalled that the epidemiologic studies on the 1933 epidemic of
encephalitis in St. Louis ended with the conclusion that it was essentially an
infection of human beings transmitted by secretions of the upper respiratory
tract. Early observations on the western equine encephalitis suggested that
the infection may occasionally affect human beings, but no significant epi-
demics proved to be due to this virus had occurred by the end of the 1930
decade. Experimental work with the viruses of western and eastern equine
encephalitis indicated that various species of Aedes mosquitoes were capable
of transmitting these viruses, but no direct evidence was available that these
viruses were arthropodborne. In 1938, however, the occurrence of a small out-
break of encephalitis in human beings in Massachusetts, caused by the virus
of eastern equine encephalitis, indicated for the first time that a virus that was
hitherto known to be responsible only for encephalitis in horses could also
under unpredictable circumstances give rise to an epidemic. The work of
Japanese and Russian investigators brought forth suggestive evidence that
the virus responsible for Japanese B encephalitis may, under natural condi-
tions, be transmitted by moequitoes. The discovery of the Russian spring-
summer encephalitis and the extra-human reservoir of the virus in ticks, and
involvement of various lower animals as part of its natural history, directed
new attention to the possible importance of arthropodborne encephalitis viruses
for human beings.

ENCEPHALITIS DURING WORLD WAR II

Potential Problems and Proposed Research

The work begun in 1941 by Dr. W. McD. Hammon and his associates on
the occurrence of the viruses of St. Louis and western equine encephalitis in

1 The Medlcal Department of the United Btates Army In the World War. Washlngton : Govern-
ment Printing Office, 19258, vol. XV, pt. 2, p. 377,
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wosquitoes under natnral conditions further emplnsized the potential signifi-
cance of arthropodborne virnses us a possible canse of epideunics of encephalitis,
During World War II, the Anuy was particularly concerned with the potential
threat of the viruses of equine and St. Lonis encephalitis in the United States
and of Japauese B encephalitis in the Far East.  The Commission on Neuro-
tropic Virns Diseases, Board for the Investigation und Control of Influenza nud
Other Epidemic Disenses in the Army (later Army Epidemiological Bourd),
was charged with the responsibility of furthering research on these viruses.
The objectives of this research were as follows: (1) To increase our knowledge
of the untnral history of these infectious with special reference to the role
of arthropods; (2) to develop vincecines suitable for lmman use against the
viruses of western equine, St, Louis, aud Junpanese BB encephalitis; and (3) to
develop improved and standardized methods of specific serologic diagnosis.
The occurrence of the first large epidemic of western equine encephalitis, affect-
ing more thau 3,000 human beings (predominantly adults) in Northwestern
United States and adjacent Canada during the sunnuer of 1941, was responsible
for imparting nn urgency to the proposed task.

Actual Experience During the War

Incidence and official statistics.—No epidemics of encephalitis occurred
among the Armed Forces in the United States between 1942 and 1945. During
July and August 1941, however, 12 mild cases of encephalitis of unestablished
etiology developed in a force of unknown size within 10 to 14 days after entry
into & maneuver area near Sabinal, UUvalde County, Tex.? One small outbreak,
identified as Japanese I3 encephalitis, occurred among American forces in
Okinawa in 1945. Small outbreaks of encephalitis of undetermined etiology
occurred also in China and the Philippines during the summer of 1945. [Iun-
dreds of cases of encephalitis appeared in the periodic summary reports, par-
ticularly during 194243 in the United States, but in view of the manner in
which the diagnoses were made, the significance of the statistics is doubtful.
The official statistics for various forms of encephalitis are given in tables 3,
4, and 5. Col. Johu E. Gordon, MC,* however, states that “encephalitis in the
European Theater was a rarely recogmized condition™ and lists only three cases
for the entire period of 1942 through 1945.

It is important to note that practically all reports of encephalitis were
followed up by requests that specimens of cerebrospinal fluid and blond be
sent to the Army Medical School, Washington, D.C., for viral studies. Many
of the clinical records of cases diagnosed as encephalitis presented nothing more
than the syndrome of aseptic meningitis. The Ariny's experience with this
syndrome (frequently also reported as lymphocytic meningitis or lymphocytic

1 Woodlsnd, J. C., and Smith, E, M.: Acute Encephalitis: Mild Epldemic Observed at Station
Hospital, Fort 8am Houston, Tex. J.A.M.A. 120: 338-381, 3 Oct. 1942,

1 Gordon, John E.: A History of Preventive Medicine In the European Theater of Operations,
1941-43, vol. I1, pt. II1, p. 50. [Official record.]



12 COMMUNICABLE DISEASES

TasLe 3.-— Admissions for acute infectious encephulitis (including infectious encephalomyelitis)?
in the UV.S. Army, by thealer or area and year, 1942-46

{Preliminary data based on sample tabulations of 10dividual medical records]

[Rate exp d os per per 1,000 average strength)
| i J
1942-45 | 1942 1943 | 1944 | 145
Theater or area _n _ R L L i
Number | Rate “ Number | Rate | Numbe- \ Rate | Number | Rate | Number | Rate
Continental United States_.___. 187 | 0.01 ” 44 |0.02 45| 0.01 ‘ 43|00 35| o0t
Oversens: | ‘

North Ameriea®... . | .. __.i0 | ) R T T o 0

Latin America.... . 3| .01} 2| .02 v oo | [ 0
Furepe_...... . .. 72! .02 1] .01 6| .02 2| .0 LRI ]
Medlterranean 1__ ! 03 ... [ 2(000 x| .04 10 .03

Middle Fast__.__. 1{ .01 [ 2 o ! ez .\
Chins-Burma- indis & 25| 08| ... [ N [ - 5 .03 20| .09
Pacific Ocean Area ... . 37| .08 1| .ol 4] .01 12 .03 0] .05
Southwest Pacific. .. 70| .04 ... ... 0 1| .01 N .05 0| .04
——— e e e | e e o - - — —_— e e | —
Total overseas__ ... . .. 47002 4)0.01 ! 14,000 o | 0.02 | 135 | 0.0
Total Army.. . . . . ... ml‘uozi‘l 4| 0.0 mam| % | 0oz 170 | 0.02

i t { i i

1 Includes admisi for T, B type halitis. Exciudes postvaccinal halitis and postvaccinal eneeph-

alomyelitls.
% Includes Alaska and loeland.
3 Includes North Africa.

Nore.—The strengths on which the rates were based are mean strengths and wiil vary therefore from the officiai
strength reports of The Adjutant General. Absolute zero is indicated by zero tn the units column; 0.0 indicates a rate of
more than sero but less than 0.05 and 0.00 8 ratc of more than zero but less than 0.005.

choriomeningitis) is described by Rasmussen and Smadel.* In many other
instances, the diagnosis of encephalitis was made in patients with moderate
to severe cerebral manifestations during the course of streptococcal or other
bacterial infections. Thus, 10 cases of virus encephalitis reported from Truax
Army Air Field, Madison, Wis., between 31 January and 20 April 1943, were
investigated by Maj. I. Pilot, MC, of the Sixth Service Command Laboratory,
who found that they “were largely toxic manifestations of upper respiratory
infection or specilic exanthemata.”* The cerebrospinal fluid of none of these
patients exhibited pleocytosis, although in most instances there was an eleva-
tion of protein, which in some cases was as high as 143 mg. percent. A study
of the clinical records revealed, also, instances of primary nonbacterial en-
cephalitis of undetermined etiology. It is also of particular interest that the
virus of herpes simplex was demonstrated to be the etiologic agent in three
fatal cases of encephalitis, two originating in the United States and one in

¢ Rasmussen, A. F., Jr, and Smadel, J. B.: Lymphocytic Choriomeningitia In Medical Depart-
ment, United Btates Army. Preventive Medicine In World War II. Vol V. C lcabl
Diseases Transmitted Through Coniact or By Unkmown Means, “Washington: U.B. Government
Printing Office, 1960, pp. 363-366.

5 Report, Msj. I. Pilot, MC, to Chief, Medical Branch, 8ixth Service Command, 24 Apr. 1948,
subject: Enespbalitis and Respiratory Infections, Truaz Field, Msdison, Wis,
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TABLE 4.—Admixxionx for encephalitis, other and undetermined,! n the U.S. Armyu, by theater
or arca and year, 1942-45
[Fretiminary itita based on sample tabulailons of individual medical records]
{Rate ¢ xgresswd as number per annum per 1,000 average strength]

194243 I 1942 w3 1944 945

m——— e i B o0 e e e e o

" Xumber | Kate . Number | Kate | Number | Rute | Number | Rate | Number [ Rale

Thester ar area

| ST

. o i . .
Continental I'nited States ....... 81 o.m! 25 10,10 amioos| wloss| e 0w

Overseas:? . i | i
North Ameriesd . . | 12j0m; 3|0m 8 0. voeoml LT
Latin Ameriea.... . . 3| oL e | 3.0 R T

el o 7. .08 7i .03 I.Si .0t w .0
. mi s LN 50 . . tt A .M to .03

Middle Enstonn. -.. w0 4 o8 .0 L. a
China-Burma-lmlls . 2! .o PR - TS N | B 15 .00, s, .0
Paclfic Oocan Ares .. 3| 03 4 .m| 1] ‘ .05 9! .m w, .03
Southwest Pacific .. . w| .o 3. .M 1 m R o | .08
Totalaversess. L | o.m| 3 0.04] & ‘ o.os‘ %' 002 2| 0.
Total Army.... . .. ... 1,127]0.04 7 o.wl 3 |o.on | wrlom: 28! om

! i I |
'K Postvaccinal phalitis anil postvacelnal encephalomyelitis; acute fnfect lous halitis: and encepsh
lomyslitis, other and undetermined .
3 ont 18 for 1945,

3 inctudes Alssks ard iceland.
‘Includes North Africa.

NOTE.—The strengths on which the rates were based are mean strengths and alll vary therefore from the officlal
steength reporis of The Adjutant General.

Abeolute zero is Indicated by sero In the units column; .0 indicates a rate of more than tero hut Jess than 0.05 and
0.00 & rate of more than 2ero but Jesa than 0.005,

Brisbane, Australia.' A fatal case of encephalitis in a U.S. Navy seaman
in Trinidad in 1943 was proved to be due to the virus of Veneznelan equine
encephalitis.”

Japanese B encephalitis on Okinawa in 1945.—The first experience of
American Armed Forces with Japanese B encephalitis was described in detail
in & publication by this anthor.* llere, only the facts of special interest to
military preventive medicine will be recorded. An epidemic of the disease,
affecting the native population, began early in July and ended early in Sep-
tember 1945. The etiology of the “summer encephalitis” occurring on Okinawa
was definitely established for the first time as being due to the virus of Japanese
B encephalitis by both serologic methods and recovery of the virus from a
fatal cnse. Almost the entire native population (several hundred thousand)

$(1) Zarafonetis, C. J. D, 8Smadel, J. K, Adams, J. W, and Haymsker, W.: Fatal Herpes Simplex
Bueephalitia In Maa. Am. J. Path. 30: 429445, May 1944. (2) Whitman, L. Wall, M. J., ansd
Warren, J.: Herpes Simplex Encephalitia: A Report of Two Fatal Cases. J.AM.A, 131: 14081411,
24 Ang. 1046

! Randall, K.. and Mills, J. W.: Fatal Encephalitis in Man Due to the Venesuelaa Virus of Kqnlae
Enecephalomyelitis In Trinldad. Science 89: 225-226, March 1944.

¢ 8abln, A. B.: Epldemic Encepbalitis in Mllitary Personnel: Isolation nf Japanese B Virws on
Okinawa In 1948, Bervlogic NMagnosle, Clinles]l Manifestations, Epldemiclogic Aspecta and Use of
Monse Braln Vaccine, J.AM.A. 133: 281- 293, February 1947,
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TABLE 5—Admissions for encephalomyelitiz, other and undetermined,! in the U.S. Army, by
theater or area and year, 1042-43

[Preliminary data hased on sample tabulations of individual medical records]
[Rate expressed a¢ number per annum per 1,000 avernge strength|

14245 ” 1842 I 1943 : 1944 M5
Theater or area - . - !
Number | Ratell Number Rnu. Number | Rate | Nomber | Rate | Number | Rale
| 1 - —
Continental UniteG States_...... 122 0.01 H 17| 0 551001 30| 0.0l . 2! om
Overseas: ! 1] |
North America 8. 2000 ... 1] 1{0.01 1 0
Latin America o 1 | ¢o0 ...l 0 LI RN ) I RPN o
Europe _........ o 30, .0 2] .02 31 .m 510 .01
Mediterranean ¢ 2| .02 1| .04 7! 02 1) 02 ...l 0
Middle Eest...o.ceennnnens]ooianns 0 [ I P 0 - () |booooeooas 0
China-Burma Indis 5 .0 | o ... [ 5 [ - I T (]
Pacific Ocean Area._. . .cocoeifoiceenn .. [ I | D Jlecooooooco [ I 0 [eeememnee [
Southwest Pacific.. .-...... 32| .02 |i' ...... 0 2| .o 5.0 2 .02
J —
Totatoversess..........-.- w oo | 3|om | 0.0 | aio.0n 0/ 001
Total AfMY...coveennann. 20 | 0.00 w’o.ol oo'lo.m‘l 61 | 0.01 70] o.01
|

' Excludes postvaccinal encephalomyelitis and infectious encephalomyelitis.

# Inch sdmissions on ¢ ports for 1045,

¥ Includes Alasks and loeland.

* Includes North Africs.

Norz.—The strengths oo which the rates were based are mean strengths and will vary therefore from the official
strength reports ol The Adjutant General.

Absolute zero is indicated by sero in the units column; 0.0 indicates s rate of more than sero but less then 0.04 and
0.00 a rate of more than sero but Jess than 0.006,

and their domestic animals had been moved to the northern portion of the
island and crammed, under primitive conditions, into an area previously in-
habited by possibly from 20,000 to 40,000 persons. A. military foree o f approx-
imately 250,000 was in readiness for the forthcoming invasion of Japan. No
one could predict the incidence of this disease in this previously unexposed,
presumably fully susceptible, military population. Although antimosquito
measures were immediately intensified, it was also clear that this was a situation
which called for the utilization of the Japanese B encephalitis vaccine, which
had been developed and prepared in large amounts for just such an emergency.
However, the events which followed illustrated the practical difficulties that are
encountered in the administration of a large-scale vaccination program in the
face of a developing epidemic.

On 12 July 1945, within 2 days after the outbreak was recognized, the
preventive medicine officers on the island appealed by radio for enough vaccine
to inoculste the entire force. In view of the possible need of the vaccine for
combat troops scheduled for the imminent assault against the main islands of
Japan, this request was not quickly granted. By the end of July, when only
about 800 to 1,000 (predominantly military government officials in intimate
association with the native population) had been inoculated, the local command
was requested to use the vaccine only for combat troops under combat condi-
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tions.  In the menntime, almost all febrile cental nervous sysiem illnesses of
undetermined etiology were regarded ax instances of Japanese B encephalitis,
and a number of such eases began to ocenr among military personnel.  Aecord-
ingly, at a meeting of Army and Navy medieal authorities of the Island Com-
mand, the decision was reached to resnme viaccination, ineculnting troops
radially from known faci of infection. Since all cases of the disease among
the native and military populations ocenrred in the northern part of the island,
at least two-thirds of the total military force remained mvaecinnted. Vac-
cination proceeded irregularly, and it was not until 21 August thac all units
north of Ishikawa were ordered to be inoculated. Enough vaceine was ulti-
mately distributed for inoculation of abiont 77,000 men.

Between enrly July and mid-September, 38 military patients, exhibiting
a variety of clinical manifestations, were investigated by serologic methads for
evidence of infection with the virus of Japanese B encephalitis. Of these,
only 11 yielded unequivocal evidence of the specific infection ; all of these were
unvaeccinated and presented moderate to severe clinietl signs of cerebral involve-
ment. Two of the eleven died, and antopsy revealed diffuse cerebral lesions
compatible with a diagnosis of viral encephalitis, Of this group of 11 patients,
8 had onset of disease between 18 July and 11 August, 1 on 15 August, and 2
on 21 Angust. _Among the remnining 27 patients, there were only 2 who ex-
hibited complement-fixing antibodies for the Jupanese B virus. Like others
in this group, withont any serologic evidence of infection with the Japanese
B virns, these two patients presented only a mild, aseptic meningitis syndrome,
and since both had received vaccine shortly before they became ill, it is possi-
ble that the antibody response was caused by the vaccine rather than by infec-
tion. Tests carried out the following year on 24 American soldiers inoculated
with the same type of vaccine showed that 2 developed complement-fixing
antibodies of the same order of magmitude found in these 2 patients.”

Thus, it can be suid that only 11 military personnel were unequivocally
affected by the virus during the entire Okinnwa epidemic, and one naturally
wond.rs to what extent the antimosquito measures and the vaccination might
have been responsible for this low incidence. Since not a single case of the
disease developed among the more than two-thirds of the total force of ap-
proximately 250,000 men which occupied the southern portion of the island
and remained unvaccinated, it would appear that a susceptible military force
sufficiently removed from the native population and its domestic animals is
not endangered by this infection.

The serologically proved military cases acquired their infection in the
extreme northern portions of the island, where mosquito control was rendered
difficult by the mountainous terrain. It is significaut that in these same nreas
an outbreak of malaria dne to Ilasmodivum virar affected from 6,000 to 8,000
natives, as well as severnl hundred troops, during the same period as the en-

*Ginder, D. R., Matumoto, M., Schiesinger, R. W., and Sabla, A, B.: Neutrallsing and Comple-
ment-Fixing Antibodles for Japanese B Encephalllls Virus in Vacclaated U.S, Personnel In Jspan.
Proc. Koc. Exper. Rlol. & Med. 65: 130-140, May 1847,
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cephalitis was in progress.’® It is also of interest that while most of the mili-
tary wovernment people were vaccinated early, that is, before the end of July,
the only case of eucephalitis among them was in one person who had escaped
vaccination. Since the last civilian cases had their ousel very early in Septem-
ber (and infection probably at the end of August), it appeared that more than
one-half of the inoculated Americans probably received their vaccine after the
danger of infection had already passed. The risk of a completely susceptible
grou), although variable and unpredictable, was apparently not so great as
had been feared. An outbreak of Japanese B encephalitis which occurred in
Koren in 1946 among 1,500 unvaccinated Americans showed that under certain
conditions the incidence may be as high as 1 in 500.* If one assumnes that the
miilitary population risk on the northern portion of Okinawa in 1945 was about
77,000 (the number for which vaccine was issued), the 11 proved cases of the
disease yield an attack rate of only 1 in 7,000. Unfortunately, the experience
on Okinawa provided no basis for estimating the extent to which vaccinntion
might have been responsible for this low incidence.

Summer encephalitis among Americans in China in 1945.—A small
outbreak of encephalitis in Americans stationed in the region of Chih-chiang
and Chensi, China, occurred in July 1945.2 Eight patients with severe clinical
manifestations of encephalitis were admitted between 13 and 22 July. Two
of the eight patients died. In the same general locality and at about the same
time, an epizootic of encephalitis affected about 100 horses belonging to the
Chinese, with a case fatality rate of about 15 percent. The clinical manifesta-
tions in the human cases were identical with those in the serologically unequivo-
cal cases of Japanese B encephalitis which occurred on Okinawa at about the
same time. Although no serologic studies are on record for the cases in China,
it is highly probable that they might have been caused by the virus of Japanese
B encephalitis. Serologic stndies carried out in China in 1946 indicated that
inappnrent forms of infection with the virus of Jnpnnese B encephnlitis are
very common in the native population.”

Sporadic cases of encephalitis, possibly due to the Japanese B virus
in the Philippine Islands.—During a visit to the Philippines in Septeinber
1945, Col. Dwight M. Kuhns, MC, Commmanding Officer, 19th Medical General
Laboratory, called the nuthor’s attention to the fact that cases of encephalitis
had been occurring in U.S. Army personnel in various parts of Luzon. In
going over the clinical abstracts submitted to the laboratory by several general
hospitals, there was no difficulty in selecting at least 25 typical case histories
which clinieally were identical with those just studied on Okinawa. There

1 Medleul Bulletln No. 21, Ofice of the Surgeon, 1lleadqvarters, Army Rervice Command 1,
8 Oct. 1945,

" Sabln, A. B.. Schleslnger, R. W.. Ginder, D. R.. and Mntumoto, M. : Japanese B Encephalitis
In American Soldiers In Koren. Am. J. Hyg. 46: 356-375. November 1047,

12 Ennentlal Technical Medical Data. Nendguarters, U.8. Army Furces. CChina Thenter. for July
1043, dated 4 Sept. 1945,

12 8abin, A. B., Schlexinger, R. W, and Ginder. 1). R.: Cllalcally Apparent nnd Inapparent lnfee-
tion With Japaness B Encephalitls Vicus in Shanghal and Tleatsln, Proe. Roc. Exper. Biol. & Med.
63 183-187, June 1947,
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were either no fatalities nmong them or the fatal cases were reported as polio-
encephalitis. The cases had occurred in July and August 1945, and single
serum specimens were available on seven patients. However, positive tests for
complement-fixing or neutralizing antibodies, or both typex, were obtained on
all seven sera. Simultaneous tests on five other sera obtained from American
patients with other clinical conditions in the same hospitals in the Philippines
yielded negative results. Since no Japanese B encephalitis vaccine was used
in the Philippines, these results suggested the possibility that the virus of
Japanese B enccphalitis was alsc present in the Philippine Islands. Since
only a single specimen of serum was available on each patient, a conclusive
diagmosis conld not be made.'*  Subsequent sevologice studies in the Philippines
on normal Filipinos and patients with encephalitis, as well as on horses, cattle,
and goats, yielded furtlier evidence indicative of the presence of the Japanese B
encephalitis virus in the Philippine Islands?®

Postvaccinal encephalitis.—It is estimated that at least 10 million indi-
viduals were vaccinated against smallpox in the Army during 1942-45. The
medical historics of eight cases of postvaccinal encephalitis reported for
1942-45 *¢ were examined by this author. The diagnosis appeared doubtful in
four of these because the interval between vaccination and onset of nervous
symptoms wns either as short as 2 to 3 days or as long as 31 days. Two of the
four doubtful cases were fatal; the pathologic diagnosis in one was infective
polyneuronitis, nnd 1o specimens were submitted in the other. In the remmining
four cases, the history was compatible with the syndrome of postvaccinal
encephalitis, the intervals between vaccination and onset of nervous symptoms
being 7, 10, 10, and 17 days, respectively. One of this group of four patients
died within 24 hours after onset, and detailed post mortem studies were carried
out.’’ Although only perivascular infiltration was present without demyelini-
zation, the pathologic changes in the nervous system were not incompatible
with the dingnosis of postvaccinal encephalitis. Of the three surviving
patients, one recovered completely, one had some residual loss of vision, and
one was said to have recovered only partially. Subsequently, the Medical
Statistics Division, Office of The Surgeon General, U.S. Army, listed 17
admissions for postvaccinal encephalitis or encephalomyelitis in the total Army
for the period of 194445 (table 6), but this author did not have an opportunity
to study the records of these cases.

s Latter, Lt. Col, A. B, 8abin, MC, to I’reventive Medicine Rervice, Office of the Surgeon General,
atin; Brig. Gen. 8. Bayne-Jones, 18 Jan. 1946, subject: Positive Berological Tests for Japanese B
Eucephalitln Virun With Sera From Cases of Encephalitis In Nllitary Personnel in the Philippines
(July-August 1045).

15 Balafranca, E. 8., and Esplritu, L.: Report on the Presence of Japanese B Encephalltis Neu-
trallzsing Antlbody Ameng Filipinos and Certaln Philippine Anlmala. Am. J. Trop. Med. 29: 219227,
March 1949,

# Letter, Lt. Col. A. I, Long, MC, Chlef, Infectloua Diseane Control Branch, Ofice of the Surgeon
General, to Dr. W. G. Workman, Divislon of Blologics Control, National Institute of Heslth, U.8.
Publle Health Service, Bethesda, Md., 28 May 1047,

1T Report, A. B. Sabln, M.D., to the Commission on Neurotropic Virua Diseases, Army Epldeml.
ological Board, 27 Apr. 1942, subject: Case of Postvaccinal Encephalitis In a Soldler at Fort Tbomas,
Ky.

716-7317- 64— 4
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TABLE 6.—.{dmissiona for postraccinal encephalitin (including postraccinal encephalomyelitis)
in the U8, Army, by theater or area and year, 1942-45

{Preliminary data based on sample tabulations of individual medical records)
[Rate expressed as number per annum per 1,000 average strength}

194445 4 M8
Theater or area | _
Number Rate Number Rate Number Rute
Continental United States_ __ __ . ___._. | 1] 0.00 1000 ... 0. 00
] i
Overseas: ' :
Mediterranean’_____. ... .. ... 57000 . _._..]0 51 0.0
Pacific Ocean Arca__ ... ... .. . G000} 6! .01 .. .. 0
Southwest Pacific__.._ ... . ... 50,00 ORI I (] 5] 0.00
Other theaters___. .. ____ . __ . ___. = ____. | [ L 0 DU Y |
SRS S RS PO
Total overseax____ _____.__... 16 ‘ 0, 00 6] 000 10| 000
{ h O o ez Tz
Total Army__ ... . .. ! 17 ‘ 0.00 710,00 0] 000

i Includes North Africa.

KNorx.—The strengths on which the rates were based are mean strengths and will vary therefore from the official
strength reports of The Adjutant (ieneral.

Absoiure tero it indicated by zero in the units colunin; 0.0 indicates a rute of more than serc but less than 0.05 and
0.00 a rate of more than gero but less than 0.005.

Research Under Army Auspices

Extensive investigations were carried out during the war years on the
epidemiology of the arthropodborne virns encephalitides and on the develop-
ment and evalnation of vaccines for human use. The work of Hammon and
Reeves at the George Williams Hooper Foundation of the University of Cali-
fornin on western equine and St. Louis encephalitis established the importance
of various mammalian, avian, and insect hosts in the natural history of these
viruses and incriminated Cuwlex tarsalis, and probably also Culex pipiens, as
the most important mosquito vectors during epidemics and epizootics of these
disenses.’* The same investigators also demonstrated the ability of seven spe-
cies (three genera) of California mosquitoes to transmit the virus of Japanese
B encephalitis under experimental conditions. The first American field in-
vestigations on Japanese B encephalitis on Okinawa in 1945 also brought to
light the importance of various mammalian domestic animals in the natural

1 1lammon, W. MeD., and Reeven, W. C.: Recent Advances in the Epldemlology of the Arthropod-
borne Virus Encephalltides: Including Certain Exotic Typen. Am. J. Pub. Health 35: 984-1004,
October 1945.

1 Reeves, W. C., and Hammon, W, McD.: Laboratory Tra lsaion of Jar e B Encephilltis
Virus by Seven Bpeciea (Three Genera) of North American Mosquitoes, J, Exper, Med. 83: 185-194,
March 1946,
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history of this virus und suggested that domestic fowl probably were uot nupli-
cated in the infection chain.?

Although large-scale vaccination of horses agninst both eastern and west-
eru equine encephulitis had been used snecessfully in the United States since
1935, human vaccination agninst these virus infections had been practiced on
a limited scale before 1942, chiefly among laboratory workers. Following the
first extensive epidemic of western equine encephalitis in 1941 in Northwestern
United States and in Canada, approximately 3,000 Canadian farmers were
vaccinated in 1942 with formalized chick embryo vaccine prepared by the
Lederle Company. Through the cooperation of Drs. F. W. Jackson and C. R.
Donovan of the Province of Manitoba, members of the Commission on Neuro-
tropic Virus Diseases of the Army Epidemiological Bonnl were enubled to
determine the incidence, speed, and persistence of the antibody response.
Tests 2 for neutralizing antibody indicated that while a single dose of 1 cec.
of the vaccine nsed was effective in stimuluting u significant antibody respouse
in 7 percent (of 30 persons) at the end of 1 week and in 70 percent (of 13 per-
sons) at the end of 2 weeks, two doses of 1 ce., 1 week apart, produced n 100~
percent response in 17 persons at the end of 2 weeks, which persisted for 4
months in 81 percent of 16 persons tested. Seven of the persons who were
positive at 4 months were still positive at the end of 1 year in tests performed by
Olitsky, Morgan, amd Schlesinger.?  Complement fixation tests carried ont by
Dr. J. Casals * on the 2-week, 4-month, and 1-year specimens of the same seven
persons were, however, all negative. During an outbrenk of western equine
encephalitis in Kern County, Calif., in 1943, Ward * vaccinated 280 of a gronp
of 575 Mexican agricultural workers, but no cases of the disease developed in
either the vaccinated or the unvaceinuted group.

The design of research on vaccines for St. Louis and Japanese B encepha-
litis was influenced by the fact that they would be used in the face of epidemics
which run their course in a few weeks. Accordingly, it was necessary that the
vaccines be capable of conferring protection rupidly, that is within at lenst 1
week rather than after a series of many doses over a period of many weeks, and
that they shonld retain the desired potency after storage for long periods of
time. These objectives were achieved, at jeast so far as it was possible to

® (1) Fee footnole B. p. 13. (2) Aa the result of extensive inventlgatloma of the ecology of
Japunese encephalltls In Japan, conducted during the perlod 193339, Scherer and Ruescher came to
the concluslon that the primary. If not the mole, moequito vecto? was Cules trilacnierAynchus, and
that In the virus-cycle multlple hoats were Involved—*the wild arvlaa and porcine amplifylag hosta”
In additlon to man. Ree Scherer, W. F., Buencher, E, L., et al, ; (series of nlne papres) Am. J. Trop.
Med. & Hyg. 8 : 645-722, November 1039,

n Reports, A. B, Babln and R. Ward, to Comminsfon on Nearotrople Virua Discaner. Army Eptdetal-
ological Board. dated 1 Aug. 1942 and 4 Apr. 1943, snbject: Kesnlta of Neutralization Tests Before
and After Vaccinatlon of Human Belngs (Canada) With Weatern Equine Encephalomyelitls Chick
Embryo Vaccine (Lederle).

2 Prelimlnary Report, P. K. Olltsky, I. M. Morgan, and R, W, Schlesinger, to the Commission on
Neurotropic Virus Diseases. Army Fpidemlological Board, 21 June 1943, aubject: Follow-np Study of
the 1942 Canadian Vaccination Serlen.

1 See foutnote 22.

» Reporta, Robert Ward, M.D,, to Commission on Neurotroplc Virua Diseases, Army Epldemiolagical
Board, 5 Aug. 1843 aud 23 Jan. 1944, subject: Vaccination of Mexlcan Agriculture Workers Agalnat
Western Bquine Encephalomyelllla In Kern County, Callf,
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determine in tests on mice nnder detined, experimental conditions.®  Success
depended on 1he selection of (1) the best strnin of virus, (2) the host in which
maximal propagation was obtained, (3) the most suitable procedure of destroy-
ing infectivity of the virus withont loss of antigenicity, and (4) the most suit-
able procedure for assaying antigenic potency. It also depended on the
discovery that preservation of antigenic potency on storage could be achieved
either by special concentrations of formalin or by Iyophilization nnder defined
conditions.

Althongh 1t proved possible to produce resistance in mice within 1 week
by two doses of vaccine, many of the mice had no neutralizing antibody at
this stage, and tests on human volunteers indicated that antibody did not
appear before 2 weeks after inoculation.*® Nevertheless, the assay method,
which was finally selected for the Japanese B encephalitis vaccines, produced
on a large scale for nse by the Army, measured the minimal amount of vaccine
which was capable of protecting mice within 1 week after the first inoculation.
Although satisfactory lyophilized vaccines could be prepared when the work
wns done on a small laboratory scale, pilot tests by Sharp & Dohme, Inc., by
the methnds employed commercinlly in 1943, yielded products which were
Inrgely denatnred and practically without antigenic potency. Accordingly,
the Japanese B encephalitis vaccine which was finally prepared on a large
scale for the Armed Forces consisted of 10 percent uncentrifuged mouse brain
suspension in physiologic salt solution in which the virus was inactivated
by 0.2 percent formalin at 2° to 5° C., the final product being stored and
thipped in the fluid state in the cold. Preliminary tests of such a vaccine,
possessing on mouse assay a 50-percent immunogenic dose of 0.0055 cc., admin-
istered in 2 doses, 2 cc, each, 3 days apart, to the personnel of the commercial
Iaboratories engaged in the large-scale production of this vaccine, indicated
that, at 2 weeks after inoculation, 52 percent of 25 persons, aged from 18 to
35 years, developed significant titers of neutralizing antibody?” This pro-
vided the basis for the manner in which the vaccine was subsequently used
on a large scale in military personnel on Okinawa *

SUMMARY AND EVALUATION OF EXPERIENCE

The terms “encephalitis” and ‘“encephalomyelitis” were used without
qualitication for a variety of nnrelated clinical and epidemiologic entities,
and no reliable statistics are available on the relative incidence of the various

Sxabin, A B, Imfly, . E. Warren, J., Ward, R. Peck. J. L. Jr. and Ruchman. 1.: The
Kt, 1ouln and Japanewe B Types of Epidemic Encephalilla: Development of Noninfective Vacelnes:
Report of Baste Nuta. S AMA. 122 4T7-4R4, June 1042,

#gabin. A. B, and Iy, C. F.: Astlbody Renponse of IInman Beingn to Centrituged, Lyophilized
Japancse B Encrphalitla Vaceine. Proc. Boc, Exper. Blol. & Med. 65: 123-126, May 1947,

7 dabin, A. B.; Antibody Rewpnnme of People «f Different Ages to Two Dases of Uscentrifuged,
Japanese B Eacephalltis Vaccine, Proc. S8oc. Exper. Bl & Med. 65: 127-130, May 1047.

® (1) Ree fintnote R, p. 13.  (2) For an oficial description and discussion of the Japancse B
smcephalitia vaerlne see Long. Ar(bor I°.: The Army Tnununlaation Program. 7In Medical Department,
Usited Btates Army. Preventive Medicine In World War I1.  Volume 111, Personal Health Mesaures
and Immanization. Washlagton: U.R. Government Printing Office, 1935, pp. 327-331.
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forms. An examination of large nmmbers of clinicul records suggests, however,
thut the vast majorvity of the “hundreds™ of cases of encephalitis reported
between 1940 and 1945, chiefly in the United States, were instunces of toxic
encephalopnthy associated with vavions bacterinl infections or ocenrred in
nssociation with mumps, measles, German measles, or chickenpox.  Althongh
a group of 12 cases of mild encephalitis of unidentitied etiology, but possibly
due to an arthropodborne virns, occurred during mauenvers in Texas in 1941,
no other epidemic of viral encephalitis occurred among the Armed Forces
in the Uuited States. The only identified outbreak of encephalitis occurred
on Okinawn in 1945, where 11 uneqnivocal cuses of Japanese B encephalitis
were confirmed by laboratory methods, although w total of 38 cases with
various clinical manifestations referable to the nervous system were investi-
guted. Siinilar small outbreaks of encephalitis occurred in 1945 among Amer-
icau forces in Chinn and in the Philippine Islands, and although they were
either not investigated or incompletely studied by laboratory methods the
possibility exists that these were also duo to the virus of Japanese 13 encet.ha-
litis.

The lessons learned on Okinawa regarding the potential threat to a mili-
tary force of an epidemic of encephalitis due to the Japanese I3 encephalitis
virus were as follows:

1. The incidence of the disease nmong susceptible military personnel
located close to a foeus of infection is ipredictable but can be very small.

2. The disease did not occur among military personnel stationed at a
distance of many wiles from the native popnlation and their domestic animals.

3. Vaccination of a large force in the field is so time consuming a tusk
that one nmy expect. to gain very little from it when it is started once an
epidemiv is well established.

4. The pressure of moral and other considerations is so great during an
epidemic, whose ultimate course is unpredictable, that when a vaceine of
potential though unproved valne is available, it is good policy to be prepared
to use it intelligentiy.

Research carried out under the anspices of the Preventive Medicine Nerv-
ice dnring World War IT led to a better nnderstanding, althongh only partinl
elucidation, of the natnral history of the arthropodborne viral encephalitides
and to the development of vaeeines for Jupanese B and St. Lonis enceplulitis
snitable for field trinl in cnse of need.



CHAPTER 111

Bartonellosis

Marshall Hertig, Ph. D.

Bartonellosis is a specific infectious disease, at times fatal, caused by
Bartonella bacilliformis and transmitted by the bite of Phlebotomus. The dis-
easo is limited to certain parts of Peru, Ecuador, and Colombia. The disease
was not & military problem in World War II. American troops stationed in
Peru (Tzalara) and Ecuador (Salinas) were outside the endemic areas. How-
ever, since some of the experimental work on protective measures and control
of sandflies and sandflyborne diseases was done in the Peruvian verruga zone,
an account of the disease and its setting may be appropriately included in this
history.

HISTORICAL NOTE

Bartonellosis sprung inte prominence in the 1870’s when the railroad from
Lima to Oroya was being built.! After the construction reached elevations
above 1,000 meters and 45 or 50 kilometers inland from Lima, there were a great
many fatal cases of what was apparently a new disease. Of some 7,000 deaths
among the workmen, from all causes, the majority were thought to be from
the new disease, which received its nane, Oroya fever, from the railroad's
projected terminus. There began a controversy in medical circles as to whether
or nol Oroya fever had any relation to the well-known verruga, a relatively
mild eruptive disease endemic in the snme region. The name Carrién’s disease,
applied to both types, was derived from the classic experiment of Carrién, a
medical student, who in 1885 inoculated himself from an eruptive case and died
appurently with the anemic form of the disease. The controversy was finally
settled only with the cultivation of the etiologic agent by Noguchi and
Battistini,® in 1926, which provided the clinching evidence that the two chief
clinical syndromes, which differ so remarkably, are actually manifestations of
one and the same disease.

ANEMIC AND ERUPTIVE FORMS OF BARTONFLLOSIS

Symptomatology

The anemic form of the disease (Oroya fever) has an incubation period of
about 3 weeks. The onset, with irregular faver and general malaise, is followed

1 For a hislorical summary sce Hertlgz, M. : Phlebot, and Carrién’s DI Am. J. Trop. Med.
22 (Suppl.) : 1-80, July 1942,

* Noguchl, H.. and Battlatinl, T. 8.: Etioloxy of Oroya Fever. 1. Cultivstlon of Bartonclls
becilliformis, J. Exper. Med. 43: 831--864, June 1928,
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by a rapidly developing profound aneniia, accompanied at times by pains in
bones and joints.> The mortality of this form of the disense varies from 20 to
70 percent. During the anemic phase, the minute rodlike, coccoid, and fila-
mentons forms of B, bacilliformis may be found, often in great numbers, in or
on the red cells. If the patient survives, there usually follows, after a variable
interval, the typical eruption.

The eruptive form (verruga peruana) usually has no niarked anemic phase.
This benign type of the disense includes by far the largest proportion of the
total number of infections. The incubation period is variable and may be us
much as a month or two. The onset is characterized by bone and joint pains,
irregnlar fever, and malaise. Sooner or Iater, at times after months, during
which there may have been remission of the symptoms, the eruption appears,
with or without the initial syi.iptoms. The eruption takes the form of
hemangioma-like nodules, commonly from 2 to 3 mm. in diameter but varying
from minute points te raised nodules of 10 or 20 mmn. in diameter, which give the
disease its name, verruga (Spanish for wart). The nodules &re distributed
chiefly on the extremities and face and vary in number from few to thousands.
They are not painful. The eruption nsually lasts 1 moenth or twa and finally
heals without leaving scars.

Proportion of Severe Anemic to Eruptive Cases

The evidence is rather unsatisfactory as to the proportion of total infec-
tions which develop the severe anemia. It appears that it may vary in different
places and at different times. In any case, the anemic form has been rare
among natives of the verrugn zone in Pern in recent years. Most of the anemic
cases have been in adults, who, without nrevious exposure to the disease, were
engaged in construction work, exploration, or guard duty. During the early
history of the disease in Peru, the proportion of severe anemia and the mortality
must have been very high, to judge from the great number of fatal cases that
occurred during the railroad construction and from the separate accounts of
10 to 75 percent of the specific groups dying from the disease,* (The mortality
in the Colombian epideniic (see p. 27) was als .y high.) However, during
the author’s stay in Peru, 193742, the proporticn of anemic cases was distinctly
low. The author was able to follow more or less closely the fate of guards
stationed at railroad bridges in the Rimac Valley verruga zone during the war.?
About three-fourths of the nonimmune persons contracted the disease during
a 1-month tour of duty. When the tour was extended, about nine-tenths ac-
quired the infection within 4 months. About 150 men, immune and nonimmune,
were involved, with about 100 cases among them, only 4 of which were fatal.
During this same period before any control method was known, there were

SFor & clinical account, see Sirong, Richbard I.: 8titl's Diagnosls, Prevention and Treatment of
Troplcal Direases. 7th editlon. Philadeiphia : The Blakistou Co., 1944, vol. 11, pp. 997-1014.

4 8ee footnote 3.

* Howe, C., and Hertig, M.: Prophylactlc Immunization Agalnst Carridn’s Disesse. J. lmmunol.
47: 471482, December 1043,
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several large construction projects with many workmen, but there were only
scattered cases of the severe anemic forni,

Vaccination

A detachment of 22 nonimmune bridge guards, not included in the afore-
mentioned totals, was inoculated with formalized suspension of B. bacilliformis.®
While slightly over one-half the guards became infected during the T months
they were under observation, the clinical course was remarkably mild. It was
concluded that vaccination might be of value in ameliorating the course of this
potentially serious disease.

Therapy

There is no specific therapy. In a recent visit to Peru, the author was
informed that results with the newer antibiotics were conflicting. In the treat-
ment of the severe anemic cases, massive blood transfusions have at times
been valuable.”

Immunity

The immunity from a single attack is considerable but not solid. Repeated
attacks are known but usually run a mild clinical course. Natives of the verruga
zone usually acquire the disease as mild childhood infections and in general
do not regard the disease seriously. In certain surveys, about 10 percent of the
local population have been shown to harbor B. bacilliformis, with or without
a previous history of the disease.®

Etiology

B. bacilliformis, of uncertain systematic position, is probably related to the
bacteria. It isa minute, gram-negative micro-organism comparable in size and
general appearance to the rickettsiae, with rodlike, coccoid, and filamentous
forms. 1t is cultivable in Noguchi’s semisolid medium and its later modifica-
tions. Subcultures, but not primary isolations, are successful on ordinary blood
agar. The organism is at times motile by means of a terminal tuft of flagella.
Bartonellza may usually be recovered in culture from the blood at any stage of
any clinical form of the disease and also from the nodules.

EXPERIMENTAL INFECTIONS

Monkeys are the only animals known which can be readily infected.
Intradermal injections of cultures or tissue from nodules give rise to typical
nodules at the sites of inoculation, which, however, is ordinarily not the case
with Bartonella from other sources, for reasons not understood. The inocula-

s See footnote 5, p. 24.

7 Hodgeon, C. H.: The Treatment of Carrién’s Disease With Large Tranafusions. Am. J. Trop.
Med. 27: 69-72, January 1947,

"Welnman, D., and Plnkerton, H.: Carrlén’s Disease. IV. Natural Sources of Bertenella In
the Endemic Zone. Proc. 8oc. Exper. Blol. & Med. 17 : 396-598, December 1937.
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tion of blood or tissies from an anemic patient, or suspensions of sandflies, or
infective bites of sandflies, produce infection in Rhesus monkeys, which is
demonstrable by blood culture but without any external sign. The anemic form
of the disease is extremely rare in experimental infections. A single specimen
of field mouse has been found naturally infected, but attempts to infect this
specimen and other rodents in the laboratory failed.®

TRANSMISSION

For many years, it was thought that the disease came from drinking water
of the endemic area, but with the realization about 1909 that the disease was
contracted only at night, attention was immediately directed to insects as
vectors. Townsend, in 1913, first discovered the presence of Phlebotomus in
Peru and showed that the distribution of PAlchotomus verrucarum <was corre-
lated with that of the disease® Noguchi® and his associates showed that
sandflies of the verruga zone harbored the etiologic agent. The author ** was
able to transmit the infection to Rhesus monkeys by the bites of wild-caught
P. verrucarum.

P. ¢errucarum is the principal and perhaps the sole vector. Only one other
species, Phlebotomus noguchi, is found throughout the verruga zone, and it
does not feed on man. Phlebotomus peruensis is limited to the upper half
of the verruga zone, and Warileya phlebotomanica, a close relative of
Phlebotomus, is rare.

There are still a number of unsolved phases of the transmission problem.
The source of the sandfly infection is unknown. From the readiness with which
the infection may be acquired in certain areas which are all but uninhabited
the reservoir is probably other than man. There has been nientioned the
instance of a naturally infected field mouse, but the failure to infect this and
other animals leaves the question open. No cycle of development of Bartonella
in the sandfly has been demonstrated. Certain massive infections of the tip of
the proboscis with various micro-organisms of unknown origin may eventually
be shown to have some bearing on the source of the Bartonella infection. The
great majority of the proboscis infections are caused by a cultivable, unidentified
micro-organism, but B. bacilliformis has been isolated twice in cultures from
such infected proboscides,

It may be remarked that in the Peruvian verrugn zone cutaneous leish-
maniasis also occurs, but its distribution by no means coincides with that of
bartonellosis. It is limited to the upper part of the verruga zone, though
it also occurs in other parts of Peru where there is neither verruga nor P.
verrucarum, but where there are other species of Phlebotomus.

* See footnote 1, p. 23.

 Ree footnote 1, p. 23,

11 Nogueh!, H., Bhannon, R. C,, Tilden, E. B., and Tyler, J. R.: Etislogy of Oroya Fever, X1V.
The Insect Vectors of Carrién’s Disease. J. Exper. Med. 40 :893-1108, June 1929.

M Ree footnote 1, p. 23.

11 8p¢ footnote 1, p. 23.
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The life history of /% verrucarun is essentially similar to that of Z’hledot-
omus papatasii, described in chapter IX, p. 113, DBreeding is continuous
thronghout the year and thrre is no dinpanse.  (Bartonellosis is likewise con-
tracted nt nuy time of the year.) Breeding plices are chiefly in rock crevices
and under bonlders or stone wanlls. The vegetation of the verrmga zme is
scanty, and there arve few large trees, Dinrnal shelters include the breeding
places, together with enves and houses, which the sandflies enter freely. They
are active from dusk to carly morning, nnd only rarely do they bite by day.

The noctnrnal habit of the sandfly hns been taken advantage of in one
very effective method of preventing the disense which las been practiced
for 40 yenrs by the Central Railrand of Pern.  Coustruction crews are removed
in special work-trains every aftevnoon to a town below the verruga zane and
taken back in the morning.

DISTRIBUTION

In Peru, the disease is limited chiefly to the Pncilic siope of the Andes
between G° north and 13° sonth nnd at altitndes between 800 nund 3,000 meters
above sea level.  The most inteuse foei nud those which have been best stidied
are in the valley of the Rinme River and its trilmtary, the Santn Eulalia, and
in the Callejon de IInaylas, a portion of the vulley of the Santa River in the
Department of Ancash. . verrucarm is foond thronghout the Pernvian ver-
ruga zones, ns8 far as studies have gone, and hias not been fonnd elsewhere in
Peru or in other countries.

In Ecuador, bartonellosis has been reported from the Provinces of Loja
and Oro. This author ** cultivated 2. hacilliformis from a blood specimen
sent to Lima from the latter Province. There is very little recorded informa-
tion about the incidence of the disease in Eenador and none whatever about
Phlcbotomus in the endemnie region.

Early in 1936, in Colombia in the Department of Narifio near the Ecnn-
dorian border, an epidemic broke ont which caused an estimated 4,000 deaths in
a district with a popnlation of 100,000, The disease was finally diagnosed as
bartonellosis.’® The severe aneniic form apparently predominated. It was
thought to be a newly introdnced disease. The author visited this region in
1045.'¢ By that time, the epidemic had apparently died out completely in
those places where it had first appeared. The only known focus, which un-
fortunately could not be visited, was represented by a very few cases at the
northern edge of the area which the disease had reached. Three years pre-
viously, sandflies, mostly Phlchotomus colombianus (a species very closely
related to P. verrucarum), had been very abundant in several towns, as wit-
nesed by collections, examined by this author, which had been made by Colom-
bian investigators. In 1945, the author, in company with Colombians who had

4 Hertig, M.: Cultiva de In Bartenelle bacilliformis de un caso de verruga en El Ecuador. Bol.
Ofic. fan. Panamer. 19 : T56-738, August 1940.

¥ Patifio, C. L.: Un nuevo foco de bartonellosia en América. Bol. Ofic. 8an 1"avamer. 18:
308-313, 1939.

18 Annual Report of The Gorgaa Memorlal Laboratory, 1943.
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CHAPTER IV

Dengue

Oliver R. McCoy, M.D., and Albert B. Sabin, M.D.

Part I. Epidemiologic Considerations

Oliver R. McCoy, M.D.

Althongh dengue is a nonfatal disease and seldom lasts more than 5 to 7
days, it sometimes assumed considerable military importance in World War
11 because of its tendency to occur in epidemics which resulted in the sudden
incapacitation of large numbers of men. This was particularly true when
nonimmune forces occupied territory in an endemic area where control of the
mosquito vector had become lax and protective measures for personnel were
not enforced. Conditions during and immedistely following combat fre-
quently favored mosquito breeding and the spread of dengue. The disease was
a hazard throughout the war in practically all areas of the Pacific and Asiatic
theaters.

The incidence of dengue in the U.S. Army during World War II, accord-
ing to theaters of operations, is shown in table 7. A few acattered cases were
reported in the European, Latin American, Mediterranean, and Africa-
Middle East theaters, and also in the continental United States. Although
dengue is known to occur in these regions, the question may be raised as to the
validity of the diagnosis in isolated cases because of the lack of means for
specific diagnosis. On the other hand, failure to recognize dengue and dif-
ficulty in diagnosis may have resulted in the reporting of cases as ‘ever of
undetermined origin. In the absence of an epidemic, this was undoubtedly true
even in theaters where the disease was prevalent.

The epidemic characteristics of dengue are well illustrated in the curve
of reported incidence, by months for the years 1942 through 1945, in the U.S.
Army overseas (chart 1). Although seasonal factors are influentisl to a certain
extent, the peak rates are due chiefly to sharp outbreaks which occurred under
specially favoring circumstances in fairly localized areas. It is notable that
the dengue rate remained low throughout the year 1945 even though large
numbers of men, including nonimmune reinforcements, continued military
operations in endemic areas. This may be explained by the fact that efficiency
in moequito control was vastly improved during the last year of the war.

2
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TABLE 7.—Incidence of dengue in the U.S. Army, by theater and year, 1942-45

[Preliminary data based on sample tabulations of individual medical records)]
[Rate expressed as number of cases per annum per 1,000 average strength)

194245 1942 143 1944 } 143
Theater or ares !

Number | Rate || Number | Rate | Numbor | Rate | Number M!Numher|lhte

| t
0.0 ¢]|0.00 2 | 0.00 19 | 0.00 2s| 0.01
0.02 TR X 1 A ] 35 | o.02 55| 0.03
.23 1] .04 8| .8 23] .3 6] .15
.26 1| a7 H| .48 0 2| ... 0.00
18.37 || 3|83 w2z 3, 240 [31.08 L905 | a7
Southwest P'acific.._____.__ 5.903 3210 | 4,228 50.32( 64m|nnm| ma|s247| n,w0|18:n
Central and South Pacific. | 29,941 20.79 |! 19| 13| 1160 (396 16 443 37.48 1,80 3%

North America'. . ______.. 3 o1 |........|e 3] o2l [ 0

Latin America.. . Mo .04 120 | 1.18 w]| .a €| % 2| .42
Transports. ... ... % ... i 2]...... 0| ... 828 ... 106 |......
E— — -
Total overseas?...._._.._.| 90,788 | 8.61 || 4.«2'7,5& 19,35 {1044 | 81,104 13.38 | 15835 | 3.58
Totel Army_ .....o.o.o.n. 0,60 230 444|137 193w |28 | s,12] 6] 1500 215

! |

1 Includes North Africa.
t Includes Alaska and Iceland.
3 Includes rate for t ports.

Norx.—The use of 0.00 indicates a rate of less than 0.008,

CHART 1.—Incidence ratcs for dengue in the U.8. Army oterseas, by monik and year,
January 1942 to Decembor 1945

[(Rate exp d as ber of adminsl per annun per 1,000 average strength)
RATE RATE
40 40
30 30
20 20
10 10
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VECTORS

Before the war, Aedes aegypti and Aedes albopictus were the only proved
vectors of dengue. Since A. aegypti had practically universal distribution in
the Tropics, it was generally accepted as the probable vector in regions where
the epidemiology of the disease had not been studied. However, A. albopictus
was known to be an efficient vector in the Philippines, Formosa, and Sumatra,!
and proved to be an important vector in the outbreak of dengue which ocenrred
in Hawaii in 19432 There, A. albopictus was found not only in populated
areas, in places typically chosen by A. aegypti (tin cans, flower pots, bottles,
tires, tanks, and the like), but also in forested regions as high as 2,000 feet
above sea level, where it was found breading in tree lioles and in water collec-
tions at the bases of plant leaves. A. albopictus also was abundant during
the dengue epidemic which occurred on Saipan in August and September 1944.

During an outbreak of dengue in the New Hebrides early in 1943, Aedes
scutellaris hebridens Edwards was snspected as a vector,! .. scutellaris (prob-
ably in the form of the typical subspecies) also was suspected to be a main
vector of dengue in New Gninea, since /. aegypt: was rare or absent in areas
where the disease was prevalent.® The suitability of A. scutellaris as a vector
of dengue was proved by Australian workers. In these experiments, specimens
of this and three other local species were allowed to feed on dengue pa-
tients in the Finschhafen area of New Guinen. The mosquitoes were then
shipped by air to Sydney, Australia, which is outside the dengue zone, and
there were fed on volunteers who had never been in a dengue area. Typical
cases of the disease occurred in three men on whom A. scutellaris were fed,
but not in those bitten by specimnens of the other three species, Aedes aure-
margo, Armigeres breinli, and Armigeres milnensis.

A. scutellaris, in common with most of the members of the subgenus
Stegomyia (that is, A. aegypti and A. albopictus), breeds almost exclusively
in what are known as artificial water containers (as opposed to ground pools).
In New Guinea, the larvae were found in & wide variety of such places, includ-
ing tree holes, rot holes in fallen logs, tin cans, metal and wooden barrels,
and coconut hulls. They were taken usually in fairly clear water or in water
containing leaves and some decaying organic matter, but not in the fermenting
liquid in coconut shells from which the meat had not been removed. Also,
they were not found in the leaf axils of water-holding plants aad rarely in
fallen leaves or palm braets, which are favorite sites for certain other species
with more specialized breeding habits.

1 Strong, Richard P.: 8titt's Diagnosis, Preventlon and Treatment of Tropical Diseases. Tth
edition. Phlladelphia: The Blakiston Co., 1043, vol. 11, p. 908,

S Usinger, R. L.: Entomological Phases of the Recent Dengue Epldemic In Honolulu. Pub. Heallk
Rep. 09: 423430, 81 Mar. 1944,

sLetter, 217th Medical Composlte Unlt (Malaria Survey). to Surgeon, Army Gronnd Forces,
5 Jan. 1943, subjeet : Mosqulto Snrvey of Salpan.

tDaggy. R. H.: Aedes scutellariz hedridens Edwardn, A Probable Vector of Dengue In the MNew
Hebridea, War Med. 5: 292-203, May 1944,

$King, W. V.: Notes on the Veetors of Dengue In New Gulnea. ([Professional paper.]
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The adults of A. scutellurix appeared to be alinost exelusively dnytime
feeders, Imt. were chiefly netive only under conditions of high hmmidity. They
were anmoying in quarters, latrines, nnd showers principally during the early
morning and Ilate afterncon, but nlso were more or loss netive thronghont the
day during rainy periods or in dense shade in the jungle. In Hawnii, it was
shown that A. albopictus wns a persistent biter during the duy but. did not
bite at night.

EPIDEMICS AND CONTROL MEASURES

Australia.--An extensive epidemic of dengue ocenrred among U.S. Army
troops stationed in Northern Territory nud Queenslund in March, April, and
Muy, 1942, Approximmtely 80 percent of nll UL.S, personuel in this nrea were
attacked within n period of about 3 months. FEpidemics also ocenrred among
U.N, troops in the following yenr in Junuary, Febrinry, nnd March—one at
Rockbampton snd one in the Brishane sren.?  The peak of the epidemic at
Rockhnmpton was renched during the week ending on ¢ February 1943 when
04 pntients were bospitnlized. A totl of 43 enses acenmered among U.S. mili-
tary personnel in the vicinity from Jaunary through March. .\ survey of Rock-
linmpton during this period showed that 80 percent of more than 6,000 dwellings
examined were breeding dengue-enrrving wosquitoes® Labor furnished for
mosquito control work by the 1.8, Army varied from 15 to 55 men; oil was
supplied by the Rockhnmpton City Council. The city council was asked to
assume responsibility for mosquito control, becanse it. was necessary to use the
soldiers for military duties, but. only four civilinns were employed in June
1943, The vector in Anstralia was A, acgypti.

New Hebrides.—.\n epidemic of dengue began at. Espfritu Santo early in
February 1943, reached its peak in April, and ended in Angust. During this
periad, approxinmtely 25 percent. of the base strength, or over 5,000 military
personnel, were affected.® The Army rates per 1,000 per aunnm ave shown in
table 8. For several months hefore the onset of the dengue epidemic, there
had been widespread dumping of tin cans over the base without regard to sani-
tary regulations. This had resulted in heavy breeding of A. acgypti and A.
acutellaris hebrideus, In February 1943, the malaria control mnit at the base
prepared a directive which listed the varions breeding places of Aedes mosqui-
toes and the control measures to be employed. The epidemic continued into
June with only slight abatement. A complete mosquito survey was then made
of all camp areas, including territory within a radius of 500 yards from the
camp. All tin ean dumps amd collections of water in stored tires, oil drums,

¢ 1eller, Chief Rurgeon, lieadquariers, 1.8, Army Rervices of Rupply, Southwest Pacific Ares, 1o
The Surgeon Genersl, 13 Dec. 1942, subjecl : Mndical Rervice In Australia. [aclosure therelo.

? Quarterly Report, Rase Surgeon, Headquarters Rase feclion Thres, U.8. Army Services of Supply,
dated 13 Nov, 1943, for perind 1 July-30 Bept. 1943,

S Quarterly Repor), Burgeon, Hesdyuariers 1 Corps, U.S. Army, dated 22 June 1943, for period
1 January-31 March 1943,

® Malaria News Lrller No. 3, Headquariers Malaria ard Fpldemic Conlrol, Roulh Paclfie Avea.
Seplember 1943,
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Hawaii.- -In 1943, dengue made its appearance in epidemic form in Hono-
lalu, T.IL. nfrer an alsence of more 1hun 30 vemrs.  The disease presnmably
was iported from the southwestern I’acific region. Two commercial airline
pilots were hospitalized with dengue in Honolulu early in July 1943, after
arrival from Suva, Fiji Islands, where an epidemic of dengue had been re-
ported.  One of the pilots was already ili when he came to Honoluln, but the
other had onset of symptoms several days laterr and was not isolated by hos-
pitalization nutil he had passed throngh the infectious period.’* After 3
weeks, two cases appenred among civilians in the Waikiki area, and 12 days
Inter, two cases oceurred in Army personnel in the same section.'

Measures were taken immediately to prevent an explosive outbreak. Al
thongh 1355 civilinn cases were reported through 31 December 1943, only 56
cases occurred in military personnel.  Protective measuves consisted chiefly of
an extensive mosquito control program. Proper screening of patients in hos-
pitals and in homes was made mandatory, and large areas of the city of Hono-
Julu were placed “off limits™ to troops.

Assistance in dengue coutrol was given freely to civilian agencies, because
effective control in military establishments was not possible without adequate
control in eiviling areas. A medical officer was attached to the Territorial
Boartd of Health to make an epidemiologic study of all new cases. Fifty
enlisted men were assigned to spray the buildings and eliminate mosquito
breeding places in homes in which there were cases of dengue. Trucks, ladders,
and spraying equipment were made available for use by civilian agencies.

Extension of the dengue control program to include the entire city of
Honolulu became necessary in September 1943. The program was supervised
by the U.S. Public Health Service, although most of the labor personnel were
soldiers from s medical service company. Honolulu was divided into 3 dis-
tricts and subdivided into 77 inspection zones, each of such size that one man
could thoroughly cover his zone every 10 days.

Aedes mosquitoes were found breeding in all sizes and types of containers
that would hold water. The usual variety of such receptacles found in the
continental United States were obeerved in Honolulu (tin cans, bottles, barrels,
jars, flawer vases, ant. enps, animal drinking pans, tanks, tubs, tires, storm
drains, catch basins, unstocked fish ponds, abandoned cesspools, and a few
cisterns). The new breeding places encountered were principally those af-
forded by the subtropical vegetation, especially water-holding plants such as
spider lilies, pineapple lilies, and ape plants, also, rotted-out holes and crotches
in poincians, algarroba, haole koa and guava trees, bamboo and banana stumps,
and the large water-holding pockets in traveler’s palms. Other unusual breed-
ing places were found in fallen palm fronds, the holes of lava-formed rocks,
and pockets in emerged coral reef formations. In over a million inspections,

13 Kesentlal Technleal Medical Data, Central Pacific Base Command, for October 1944, dated
23 Nov. 1944—Inclosure R, subject: Saul(ary Aspects of the Con(rol of the 1943—44 Fpldemle of
Denguwe Fever In Honolulu.

1 llistary of Preven(lve Medicine, Headquarters, U.8. Army Forces, Middle Pacific. [Official
record. |
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on only four occasions were ground pools found to be breeding places for dedes
mosquitoes. Since both A. aegypti and A. albopictus have short ranges of
flight (up to 200 yards), control operations were extended only to the fringes of
the inhabited area. The breeding indexes for .ledes in Honolulu during the
period of the epidemic are shown in table 9.

TABLE 9.- Breeding inder of Aedes mosquitoes sn Homolulu, T.H., August 1943 tlo
August 1944

Yeur and month Indext Year and month Index?
i
1943 i 1944
August.__ .. ... .. ... .. 5 7 | January.__ e 1.0
September. . . .. __. 1.7 || February_ . . . . ___._. 1.9
October.. . . L1 || March o 3.5
November.. ... .. .. _ .. . _____. O Aprl L . sesascesmenee 1.8
December__ ... .. _.___._____. 1.2 May. .. . ...... 1.0
June.. .. ... Ll ... 1.1
JUIV. o e o T
August__ .. . __.__ ... ___.._.... .8
1 P of premises insp d in which Aedes Iarvae were found.

In summary, control meas wres employed in Honolulu were (1) citywide
inspections at 10-day intervals tr- eliminate breeding places, (2) selective spray-
ing to kill adult mosquitoes, anc (3) education of the residents in how to prevent
mosquito breeding on their premises. Breeding indexes of Aedes mosquitoes
were reduced satisfactorily by this program. From experiences during the
epidemic, it was concluded that the critical index, or threshold of ‘mportance
for dengue, was 3.0 or less, which is considerably lower than the index (5.0)
generally accepted as the critical point for yellow fever.1¢

New Guinea and the Philippines.—From the beginning of operations in
New Guinea, dengue was an important cause of noneflectiveness of troope.
Separate statistics for New Guinea and adjacent islands are net. available for
1043, but the monthly record of cases and rates during 1944 and 1945 is shown
in table 10. In 1944, the incidence of the disease was highest during January
and February, months of heavy rainfall and, during the first 6 months of the
year, the rate for dengue exceeded that for malaria. Dengue occurred in epi-
demic proportions in certain units, notably those in the Hollandia and Biak
areas. On Biak Island, dengue was reported to have occurred in a 4 to 1 ratio
with malaria.’* The vector of dengue in New Guinea apparently was A. acutel-
laris rather than A. aegypti. Because of the greater variety of breeding places,
A. scutellaris presented a more difficult control problem. The day-biting habits

% Boper. F. L., and Wilson, D. B.: Species Eradication; A Practical Goal of Species Reduction
in the Control of Moeaqulto-borne Disease. J. Nat. Malaria Soc. 1: 5-24, 1942,

*® Quartieriy Report, Surgeon, Headquarters I Corps, U.S. Army, dated 4 July 1944, for pertod
1 April-30 Jnne 1944,
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of this species made ivdividual protective measures necessary at all hours,
especially in shnded jungle areas.

TABLE 10.—Incidence of dengue in U.S. Army personnel in New Guinea and adjacenl isdlands,
January 1944 to December 1945

{Rate expressed as number of cases por annum per 1,000 average strength]

Year nand month ’ Number of Rate ' Year and month Number of |

Rate
[ Cuses l cases
— g —— et TP — g o
1944 | -, 1945 | .
January.. . ... ..l 8,137 197.6 - Janvary._ ... ____. l 640 24,6
February . 2, K49 164.1 | Febroary. . .. ... 576 25. 8
March_._ ... . ... .i 2 469 90.6 | March. ... __. .. ... ©os97 ¢ 255
April.. . ... ... 1,848 680 | Aprl.... ... ..., 4681  30.5
May. ... ......._ 1,970 66.1 | May . _..__._.__ L 353 2.3
June. . . ... " 2,756 61.2 | June. ... ... ... 208 | 15. 3
July. . . ... . 2,613 60.1 || July. . .. ____ o 48 6.9
August e el 1, 571 33.6 || August_ .. __. __... . 35 56
September. .. .. .. .| 1,828 30.5 | September. .. __.____ 12 | 28
Qctober _ . 4o, 102 21.5 1 Oetober.__. ... ___ 9| 2.7
November.. . . ... .. . 935 23.5 : November L 11 | 4.0
December.... ... __ _{ 1,001 23.2 December. . .. _____ . 3 1 3.3
Y R
Total . ... 21,0741 54. 2 Total .. . ____ .. 2,960‘ 2[.4
}

During 1945, dengue rates in New Guinea remained comparatively low,
even in the months of heavy rainfall. Both the improved mosquito control and
the building up of immunity from the previous year’s experience probably
contributed to this result.

In peacetime, dengue had always been a problem amorg Army forces in
the Philippines, replacements frequently acquiring the disease within a few
months after arrival. Censequently, n serious situation with respect to dengue
was anticipated during the campaign of reoccupation, espe<ially in the more
densely populated regions during the rainy season. Although the disease
occurred rather generally throughout the islands, no outbreaks of epidemic
proportions developed. The number of cases and the rates by months after
the campaign of reoccupation began are shown in table 11.

Intensive mosquito control measures were carried out by malaria units
attached to all forces operating in the Philippines. Area spraying of DDT
from airplanes was done extensively over Manila and other populated centers
in Luzon during the early months of :945.° Also, a great many natives’ houses
adjacent to troop concentrations were sprayed with DDT. Since large numbers
of susceptibles, replacements from nonendemic aress, were introduced in the
islands at that time, it may be presumed that the intensive mosquito control

“ Ensential Technical Medical Data, Headquarters, U.8, Army Forces, Far Fast, for March and
Aprll 1945, dated 2 June 1945, Inclosure 13 thereto,
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TasLE 11.- -Incidence of dengue in U7.8. Army personnel in the Philippine 1slands, November
« 44 to December 1246

{Hate expressed as number of cases per 1,000 Average strength]

Year and month i Number of | Rate Yeear and month | Numberof | Rste
cases | | cases |
. il .

1944 : 19456—Continued i |
November__._.__...__. 652 | 30.8 1 July oL 930 i 16. 4
Deceinber. ... .. _____ [ 1,360 49.1 I August_________.. ... 1,140 | 15.2

lm————i=—— || September..__._______. 439 | 7.9

1945 ' | | October. . ... .- 294 6.3
January . ocecioanao. v1,023 31.8 I£ November . ... o....... 285 6.3
Febrwary. ... ____.___.. o & 24.8 | December. - ... 89 ‘ 4.1
Mareh. oo 1,214 25.7 ae——

Aprid. o ... 857 19.9 Total for 1945___;, 8, 926 . 15. 7

May.ooooo oo, 913 19. 6 ‘

June. .. ... _____ 839 13.4 | Total. cevsesasa 10, 938 [ 17.9
1!

mensures were to a large extent responsible for preventing dengue epidemics
in the Philippines during 1945,

Saipan.—The most extensive epidemic of dengue during World Wur II
occurred in the Marianas Islands in the late summer of 1944. Fairly complete
records are available only for Saipan. Dengue made its appearance soon after
the assault on this island on 15 June. At first, the incidence was relatively
low, probably because the rainy season had not yet begun and mosquitoes were
not numerous. The rainy season began on the 1st of August, and, by the 11th
of August, mosquitoes, including the vector species A. aegypti and A. albopictus,
were abundant. The dengue rate (in this instance, pertains to Army, Navy,
and Marine Corps personnel) among garrison troops had reached 300 per 1,000
per annum, and, thereafter, it rapidly mounted to 3,560 per 1,000 per annum on
8 September.

Combat operations had left a multitude of breeding places for Aedes
mosquitoes (rubble, tin cans, shell cases, and the like) in addition to the usual
breeding sites (wells, cisterns, troughs, and other water containers). Although
a medical sanitary company had been used for sanitation and mosquito control,
cleanup was difficult during the assault phase of the campaign. After the
start of t\e rainy season, it became evident that adequate control was impossible
under existing conditions with the personnel available.

When the first supplies of DDT arrived on Saipan on 3 September 1044,
it was decided to attempt area control of mosquitoes by airplane spraying of
DDT solution. Improvised spraying equipment was installed in a C47 cargo
plane, and the first test run was made on 12 September. This was the first

17 (1) Essentlal Technical Medieal Data. Headquarters, U1.8. Army Forces, Pacific Ocean Arva, for
feptember 1944, dated 26 October 1944. Inclonure 4 thereto, (2) Esseatial Technical Medical Data,
Headquarters, U.B. Army Forces, Pacific Ocean Area, for March 1945, dated 19 Apr. 1945. Ibnelosure
8 thereto.
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time airplane spraying with DDT was used over an entire island. Between
13 and 22 September, in 31 flights, 8,600 gallons of 5 percent DDT in kerosene
were sprayed over a total of 15,650 acres in 3 areas, an average rate of approxi-
mately 0.2 pounds of DDT per acre. .\t the same time, application of DDT
residual spray was begun in all tents and living quarters of hospitals and air
force and garrison troops.™

Accurate statistics regarding the occurrence of dengue on Saipan are not
available for the early phase of the epidemic. The daily mumber of new cases
occurring after 13 September are recorded in table 12. The number began
to decrease significuntly abont 1 week after airplane sprnying of DDT was
started. After 1 October, the number of new cases was less than one-tenth
the number which ocenrred at the height of the epidemic. It was estimated
that abont 20,000 cases (which included Army, Navy, and Marine Corps
personnel) of dengue had occurred on Saipan np to 20 October.’

TaBLE 12.—Daily report of new casea) of dengue at height of the epidemic in Saipan,
14 September to 6 October 1944

1
Date . Number

; Date Number
| |
1944 ! ; 1944—Continued

September 14 . __ . 393 :‘,Septomb(-r%_.,_ 62
15 .. T 426 27, jpe=owm-oh 87
L 7 294 28 . el 79
17 . 306 29 . 7T
18 _ . [ 289 30 44
9. . . b 275 | October P T 36
20. R I 230 2. .. o Ll s 33
20 ... 187 ! 3 L 27
22, . 137 & 4 e - 28
p.% S e - 112 |} L S 32
-2 Y 93 6. _ . . ... 23
25 o . o o ... 8]

1 Cases Include Army, Navy, and Marine Corps personnel.

Surveys made before and after airplane spraying of DDT indicated a
great decrease (up to 98 percert) in the number of adult mosquitoes as meas-
ured by the biting rate per minnte. Also it was generally agreed by troops
that a tremendous reduction in the mosquito population had been effected.
Since the number of new cases decreased markedly before the end of the rainy
season and at a time when susceptible troops were still arriving on the island,
it was concluded that the mosquito control measures employed, especially those
directed against the adult insects, were responsible for the subsidence of the
epidemic.

1 Essential Technical Medical Data, lleadiuartera, U.8. Army Forces, Paclfic Ocran Area, for
September 1944, dated 26 Oct. 1944. Inclosure 5 thereto.
1* Ree footnote 17(2), p. 38,
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China-Burma-India.—Although the nrea eudewmic for dengue included
most of the theater, the majority of cases nmong U.S. troops occurred in the
region of Calentta.  There was a definite seasonal incidence in that locale, the
greatest nnmber of cases ocenrring dnring the months from Jnly to October,
the peak varying with the dates of the monsoon?® In the theater as a whole
the incidence of dengune wias grentest in 1943 and 1944, with average rates of 25
and 31 respectively, per 1,000 per annuni; in 1943, the incidence was approx-
imately oue-fonrth that of the previous yenr. Although it is difficult to state
definitely the causes for the reduced 1ate in 1945, it is helieved that a large pnrt
of the improvement. may be attribnted to the malarin control detachments which
inelnded Aedes mosynitoes in their mosquito control activities. Also, all types
of antimosquito supplies and equipment were more nvailable in 1945, and indi-
vidual protective measnres were better enforced.

A sharp ontbreak of dengue occurred after V-J Day at Hankow, China,
which illustrates the degree to which the disease could incapacitate key military
forces at an inconvenient time. An epidemic of dengue during September
1945 was reported to have affected 80 percent of the population of the city,
including Japanese naval persounc’.  When American Forces occupied the air-
port, 40 of the first 48 men to arrive contracted dengue within 5 to 10 days.®
A survey revenled nunierous mosquitoes, predominantly A. aeqypti, in this lo-
cality. In view of the dengue situation, it was first recommended that no
operations be conducted from Hankow. However, use of the airport was
deemed essential. The city of Hankow was declared “out of bounds,” a ma-
laria control unit was ordered into the area to undertake mosquito control
measures, and personal protective measures were rigoronsly enforced. Appar-
ently these steps were successful, for no further cases were reported among
Americans.

Part II. Research Activities

Albert 3. Sabin, M.D.

Most of the basic and significant contributions to our knowledge of dengue
before World War IT were made by members of the Medical Department of
the U.S. Army. Ashburn and Craig® provided the evidence for the viral
etiology of the disense. Siler. Hall, and Hitchens * clearly established the

= History of Preventlve Mediclne, Headquarters, U.S. Army Forces, Indiz-Burma Theater,
194245, [Officin] vecord.)

# Essential Technlcal Medicul Data, Henadquarters, U.8. Forces, China Theater, for October 1945,
dated 14 Nov. 1945,

B Ashburn, P. M., aad Cralg. C. F.: Experimental Investigations Regarding the Etlology of
Dengue Fever. J. Infect. Dis. 4: 440473, June 1907.

* Bller, J. F., 11all, M. W., and Hitchens, A. P.: Dengue: 1ts History, Epldemlology, Mechanlsm
of Transmiasion, Etlology, Clinleal Mnnifestations, Immunity, and Prevention, Philippl ¢ J. Bel. 29
1-304, January-February 1026.
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period of infectivity of dengue patients for . aegypti mosquitoes, the period
required for the development of the virus in these mosquitoes before they could
transmit the infection, as well as the very long period during which these
mosquitoes were capable of trunsmitting dengue. Simmons, St. John, and
Reynolds ** established (1) the role of A. albopictus in the transmission of
dengue, (2) the occurrence of inapparent infection in certain monkeys under
experiniental and possibly also natural conditions, thus suggesting the existence
of a jungle type of dengue fever exclusive of the human cycle, (3) the persist-
ence of immunity to the Liomnologous strain of virus for 13 months in human
volunteers residing 11 an endemic region, and (4) many of the properties of
the virus. It is necessary to recall, however, that these latter investigators
completed their studies in 1930, before most of the important, newer virological
techniqnes and procedures had been developed. In 1934, Snijders, Postmus,
and Schiiffner * reported sonie immunity experiments on human beings in
Holland with two different strains of virus which left the subject cf immunity
to dengue in a rather uncertain stnte. In 1936, Shortt, Rao, and Swaminath 2*
reported the successful cultivation of dengue virus on the cliorio-allantoic
membrane of chick embryos, but their conclusions were not based on tests on
human beings. Otlerwise, little or no work wus done on dengue between
1930 and 1940.

Thus, while n good deal of fundamental information about dengue was
available at the beginning of World War 1T, it was also apparent that most
of the elementary requirements for carrying out systematic studies with the
virus of dengue fever were lucking. No strains of the virus were anywhere
available; there was neither a suitable laboratory animal for experimental work
nor an established method of in vitro cultivation; and almost nothing was
known regarding some of the basic physical and biologic properties of the virus,

From the point of view of military preventive medicine, there was a great
need for an immunizing agent cnpable of protecting against dengue, preferably
in a manner analogous to that achieved by the yellow fever vaccine. Another
great need was for some practienl, specific diagnostic test which would permit
one to determine the precise role of dengue in the causation of the large number
of “fevers of undetermined origin” encountered in dengue endemic regions. It
was clear that these needs could not be fulfilled until a great deal more was
lenrned about the basic properties of the virus, the immunity which follows
natural infection, and the immunologic charaeteristics of strains from different
parts of the world.

% §immons, J. 8., 8t. John, J. H,, and Reynolds, F. H. K.: Experimental Studles of Dengue
Phllipplne J. 8ci. 44 : 1-253, January 1031 (Monograph 29 of the Bureau of Bcience, Manlla).

% Snijders, E. P.,, Postmus, 8, and Schiftner, W.: On the Protective Power of Yellow Fever
Sera and Dengue Sera Agalnst Yellow Fever Virus. Am. J. Trop. Med. 14 : 510-543. November 1934,

= ghortt, H. E.,, Rao, R. 8., and Swamlnath, C. 8. : Cultlvation of the Virusen of Randfly Fever
and Dengue Fever on the Chorlo-Allnntele Membrane of the Chick Enbryo. Indian J. M. Res. 23:
863-870, April 1836

716-751"—84——3
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ORGANIZATION OF DENGUE RESEARCH UNIT *

Two basic principles for the organization of a dengue research unit were
apparent from the beginning: (1) that no satisfactory work could be done
witliout a constant, fairly large supply of human volunteers located within a
relatively short distance from the laboratory, and (2) that it was better to
carry on the work in a dengue-free area of the United States, bringing the
viruses to the research unit, than to bring the research nnit to an aren where
dengue was occurring in our troops. The unit was organized by this writer
early in 1944, at a time when he was already engaged in studies on sandfly fever
in human volunteers. The work was begun in the laboratory nt the Children’s
Hospital Research Foundation, University of Cincinnati College of Medicine,
utilizing patients in need of fever therapy at the Longview State Hospital in
Cincinnati, Ohio. Since the number of such patients was small, and most of
those requiring fever therapy lhad already been used for tests with sandfly
fever, the unit was transferred to New Jersey.

The human volunteers in New Jersey wers white Americans who were
serving sentences for civilian offenses at the New Jersey State Prison at
Trenton. The authorities of the State prison very kindly donated a hospital
unit of 17 beds, which was mosquito-proofed and used for housing the volun-
teers during the specified periods of experimentation. Two nurses (one day
and one night) and a clinical laboratory technician assisted in the work of
the hospital unit. The laboratory facilities were located at the Rockefeller
Institute for Medical Research, near Princeton, N.J., approximately 15 miles
from the hospital unit in Trenton. Lt. (later Capt.) William G. Jahnes, SnC,
was assigned to the unit as the entomologic associate, and Lt. (later Capt.)
R. Walter Schlesinger, MC, joined the unit as a virologic associate. Several
civilian technical aides were made available by the Rockefeller Institute.

RECOVERY OF STRAINS OF DENGUE VIRUS FROM HAWAII,
NEW GUINEA, AND INDIA AND CRITERIA FOR
IDENTIFICATION

During 1944 and 1945, seven strains of dengue virus were recovered from
Americans stationed in Hawaii (one strain), New Guinea (four strains), and
India (two strains) by subinoculation of serum specimens into human volun-
teers in the United States. The strains were recovered from serum specimens

1 The great Interest of Brig. Gen, James 8. Simmons, MC, Chief of the Preventive Medicine
Serviee 1n the Bnrgeon General's Office, In the establishment of such a unit; the Indefatigadle help
of Brig. Gen. Stanhope Baype-Jones, Depnly Chilef of tbe Preventlve Medicine Bervice, and adminly-
trator of the Army Epldemiological Board; aad the unfalling support of Dr. John R. Panl, Director
of the Commission on Neurotrople Virua Disecwes, were largely responsible for the creatiom and
operation of the dengue restarch unit. The ecooperstion of the Longview State Hospltal at Cincin-
nati, Ohio (Dr. Douglaz Goldman), of the Roekefeller Institnte at Prineeton, NJ. (Dr. Carl Ten
Broeck), and of the Inmates and officials of the New Jersey State Prison at Trenton. N.J., was vilal
in the operations of this unit. Ths Army Specialised Tralning Program students of tbe University
of Cinelunati College of Medicine, who volanteered for experimental lnoculatlons in 1945, also
rendersd valusble service.
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which were transported fron oversens frozen in Dry Ice as well as from speci-
mens which were merely refrigerated Dy ordinnry ice. No sera were ever
used in transmission tests until the patients from whom they were derived
had recovered and it was clear that the clinical course was compatible with
dengue. The first strain of virus was recovered in March 1944, when 2 pool
of sern obtnined from 24 to 48 howrs after onset from six patients with a
diagnosis of dengue during an epidemic in Iawnii was subinoculated intra-
cutnneously in six patients at Longview Stute lospital in Cincinnati?*  All
the subinoculated puatients developed a febrile illness with rash and leukopenia,
from which they promptly recovered. A Inrge amount of serimm obtained within
24 hours ufter onset of fever and stored partly in Dry Xce and pnrtly in the
lyophilized state served as n source of virus for mmny subsequent studies.
Although the incubation period nnd clinieal manifestations of the experimental
disense were in most respects compntible with dengne, there wns some concern
about the occurrence of a rather mnrked, petechial eruption over the feet,
ankles, legs, and in some instances over the hands and wrists, in three of the
six putients toward the end of the febrile period or after defervescence. Since
petechial hemorrhages had not previvusly been stressed in the clinical picture
of dengue, it appeared necessary to determine whether or not a rickettsial agent
might have been responsible. However, the convalescent sera of the six
patients yielded negative results in Weil-Felix agglutination (OX-2 and
0X-19) and rickettsial complement fixation tests. Imoculation of chick
embryos into the yolk sac nnd of guinea pigs nnd mice with acnte phase serum
also failed to yield any evidence of rickettsiae. However, the identification of
the virns as dengue was not considered established until transmission by A.
aegypt: mosquitoes, after the characteristic extrinsic incubation period, was
acconiplished.” The continued occurrence of petechial hemorrhages in human
volunteers after passage of the virus through mosquitoes and also after filtration
through gradocol membranes with pores too small to permit the passage of
rickettsine finally eliminated the suspicion that the petechial hemorrhnges
might have been due to a rickettsial agent.

Sera from several types of febrile illness were collected in New Guinea
between April 1944 and 13 May 1944 and forwarded by Lt. Col. (later Col.)
Comelius B. Philip, SnC, in the fluid state refrigerated by ordinary ice. The
sera, which were suitable for study, were derived from essentially three types
of cases:

1. Fevers of 2 to 3 days’ duration followed by rapid recovery without rash
which were diagnosed as febricula or F.U.O. (fever of undetermined origin).»®

= Letter. Maj. Albert B. Sabla, MC, to Brig. Gen. Stanhope Bayne-Jones, Preventive Medicine
Division, Office of The Surgeon General, 28 Apr, 1944,

® Letter, Maj. Albert B. 8abln, MC, to Brig, Gen. Stanhope Bayne-Jones, Preventive Medleine
Bervice, Office of The Snrgeon Gemeral, 9 June 1944, audject : Further Report of Certain Propertles
of the Hawalian Dengue Virus.

% Credit for atimulating laterest In this group of patients {s dns to the many medical officers
In the field who 1o reporting these cases indiested thelr suspicion that the viruses of sandfly fever
or dengue, or some other virus, might be respounsible.
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2. Fevers of 4 to G days’ duration without rash which were regarded as
dengue.

3. Fevers of 24 to 36 howrs’ duration, without rash, with leukocytosis of
10,000 to 19,000 diagnosed as fever of undetermined origin.

It was reported that the majority of cases in New Guinea were charucter-
ized by a short febrile course, and that very few exhibited rash or “classical
saddleback” fever. The results of the subinoculation tests in human volunteers
in the United States were as follows:

1. Four strains of virus were recovered which produced a febrile illness
with rash, clinically compatible with dengue.

2. Two of the strains were obtained from the serum of patients who ex-
hibited fever of approximately 2 days’ durntion, and the otler two strains
from the serum of patients who had fever of 4 days' duration or longer.

3. Although none of the five original patients in New Guinea, from whom
these four strains of virus were recovered, was reported to have lhad a rash,
all eight volunteers inoculated either with the original serum or with the first
passage serum exhibited a rash and febrile course, clinically compatible with
dengue.

4. The experimental disease produced in luman volunteers by the New
Guinen strains was generally less severe than that produced by the Huwaii
strain.

5. Cross-resistance tests in human volunteers performed from 4 to 8 weeks
after the initial experimental attack served to identify the New Guinea viruses
with the A. aegypti transmitted Hawaii dengue virus, although tests carried
out after longer intervals subsequent to the original infection ultimately re-
vealed that three of the four New Guinea strains were immunologically differ-
ent from the Hawaii strain.

6. No virus was recovered from a pool of serum obtained from 32 to 36
hours after onset from two patients who exhibited fever not exceeding 36 hours
in duration associated with leukocytosis but without rash. The two volunteers
used in this test showed no signs of illness and subsequently were proved to be
susceptible to inoculation with two of the New Guinea strains of dengue. Ae-
cordingly, it was concluded that the brief, febrile iliness with leukocytosis which
was seen in New Guinea was most likely not a manifestation of dengue.

A variety of febrile illnesses, some with and others without rash, pleocy-
tosis, or other changes in the cerebrospinal fluid, were occurring among U.S.
perscnnel in India. It was not clear whether one or several etiologic agents were
involved, and whether or not the viruses of sandfty fever, dengue, or one of
the neurotropic viruses were among these agents. Col. Herrman L. Blumgart,

N Letter, Maj. Albert B. Sabin, MC, to Preventive Medicine Service, Ofice of The Surgeon
Qeneral, attn: Brig. Gen. Staubope Bayne-Jones, dated 3 Aug. 1944, subject: Isolation of Reveral
Strains of Dengue Virus from Serum of Patients with Various Types of Fevers in New Gulnea.
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MO, medical consnltant in the India-Bura theater, obtained serum and cere-
brospinal flnid from a number of such pntients, and the specimens. frozen in
Dry Ice, were transported by air to the dengue laborntory in the United States.
The clinienl histories of sume of the cases, particnlnrly those cccurring during
the latter part of September 1945 in Calenttn, were compatible with dengue,
and it was cousidered worthwhile to attempt isolation of new stinins of virus
for immunologic comparison with virnses nlrendy available from other narts
of the world.

Sernm from individual patients, rather than pools, was used for trans-
mission studies to permit detection of multiple etiologic agents and correlation
of the clinical pictnre presented by the original patient with any virns that
might be isolated. When pleocytosis was present, human transmission studies
were postponed nntil it conld be shown that neither the serumn nor the cere-
brospinal fluid contnined an agent pathogenic for mice. The human transmis-
sion tests, summarized in table 13, yielded two strains of virns.**> Both strains
were recovered from the filtered serum (500 mp gradocol membrane) of two
individunal patients, who became ill in Caleuttn on 25 September nnd 27 Sep-
temnber 1945, respectively. The cerebrospinal fluid yielded no virns, althonugh
in one instance it was obtained 2 dnys after onset at a time when the blood of the
smme patient (K) contained virus. No virus was recovered from the serum of
the patient in New Delhi who exhibited a pleocytosis, and it may be pointed
ont that his clinical history was also not compatible with a diagnosis of dengue
becanse he had a moderate leukocytosis instead of a lenkopenia. Both strains
of virus from India were identified as dengue on the basis of the following
properties:

1. The clinical manifestations of the experimentally transmitted disease
inclnded skin lesions, which appeared after a snitable inenbation period at the
sites of intracutaneous injection of the serum, a self-limited fever after an
incubation period that is usual for dengue, transitory leukopenia with the
usnul changes in the leukocytic formula, generalized maenlar or maculopapular
rash, and terminal petechial eruption.

2. Transmission of a clinically similar illness by A. aegypti mosquitoes
after an extrinsic incubation period of 14 days, following feeding on human
beings infected with this virus.

8. Resistance of human beings recovered from infection with known dengue
virus to inoculation with these new strains,

4. Human beings infected with the Calcutta strains developed neutralizing
antibodies for the Hawaii mouse-adapted virus.

= Letter, Lt. Col. Albert B. Sabin, MC, to Preventive Medicine Service, Office of The Snrgeon
General, attn: Brig. Gen. Stanhope Bayne-Jones, dated 28 Dee. 19485, snbject : Isolation and Identifica-
tion of T'wo Ktralnw of Dengue Vlens From “Feverx” Among 1'. 4. Army Personnel In 1ndia.
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PROPERTIES OF DENGUE VIRUSES DETERMINED BY STUDIES
ON HUMAN VOLUNTEERS

M.LD. (minimum infective dose) and pathogenic effects of minimal
amounts of virus.—Sermn obtained from experimentnlly infected persons
within the first few hours after onset of fever was stoved in a Dry Ice chest
and constituted the souree of virns,  The determination of the mmount of vivns
present in snch serium was desirable not only to permit quantitative work with
this virus but also to ascertain whethier minimal doses of virus produced a
maodified clinienl syndrome and whether “subelinieal™ doses were innmunogenic.
Such infected serum, even after varying periods of storage in Dry Ice and
repeated freezing nnd thnwing, was fonnd to contain 1 million human M.I.D.
per milliliter, when the dilutions were nmde in 16 percent normal hunan serum-
saline and inoculated intracutaneonsly. Ten M.LD. injected intracutaneously
produced as severe nnit infection ns did 1 nillion M.LD. However, one M.L.D.
of virus produced different resnlts in different. individnals: (1) .\ typical un-
modified attack resulted n two of four volunteers, (2) n short febrile iliness
withont rash, followed by solid iiInmunity, oceurred in one of four volunteers,
aud (3) no evidence of infection, that is, neither symptoms, fever, nor leuko-
eytic changes followed by a partinl immumity to reinfection in the fourth
volunteer.

Cutaneous lesions and the loeal sparing phenomenon.—Intracutaneous
mjection of 0.1 to 0.2 ml. of humm serum, contnining 10 or more M.LD. of
dengue virus, was regularly followed after an interval of 3 to 5 days by local
edema and erythema, from 1 to 4 cm. in diameter. This skin Jesion invariably
appeared one or more days before onset of fever, and, as a rule, disappeared
before the occurrence of the generalized maculopapular or scarlatiniform erup-
tion. However, when the generalized rash did appear, a striking sparing phe-
nomenon was observed at the sites of the original skin lesions which stood out
as blanched zones surrounded by the diffuse rash. This sparing was specilic
in that normal lnman serum or other irritants did not give rise to the same
phenomenon. The speciticity of the dengue skin lesion and its dependence on
local viral multiplication were further demonstrated by the fact that no lesion
occurred when a suitable number of M.L.DD. of dengue virns were mixed with
homologous convalescent sernm prior to inoculation, or when the virus was
inocnlated into dengue convalescents. Injection of convalescent serum into an
established maculopapulur or scarlatiniform rash failed to canse blanching.

The local irritation and snnll papules resulting from the bites of dengue-
infected A. aegypt. mosquitoes could not be distinguished from those resulting
from the bites of nninfected .1. wegypti mosquitoes. However, when the gen-
eralized rash occurred, it was more marked at the sites originally bitten by the
normal mosquitoes, while each papule resulting from the bite of an infected
mosquito was surraunded by a blanched halo. Biopsies performed on the
local skin lesions showed that. the epithelium was not involved and no inclusion
bodies were found. The chief abnormality was found in and about the small
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blox vessels aud consisted of eudotlelial swelling, perivascular edema, and
filtration with mononnclenr cells,

Particle size of the virus.--The diameter of the virus as deternuined by
filtration of highly infectious human sermn through gradocol membranes was
estimated a? 12 to 25 my, becanse all the volunteers who receive:l the filtrates
from wewbrnnes with nu AP, (nvernge pore divmeter) of 75 wmiu or greater
developed typically severe deugue, while two volunteers who received the
filtvate from the membrane with au A.P.D. of 50 mu remiained well.*® Iow-
ever, siuce the latter volunteers exhibited a partial imunmmity to reinoculation
several morths later, it is possible that. approxinmtely one M.1.D. of virns might
have passed the 50 mp membrane, and that the virus mny actunlly be somewhat
smaller than 17 to 25 mp. The virus could be sedimented from hinman sermin by
centrifugation at 24,000 r.p.m. for 90 minutes in an 8-inch rotor of n vacuum
ultracentrifuge. Examination with the electron microscope of prepavations
from highly infectious human dengue serum, puritied by differential centrif-
ugation, revealed dumbbell-shaped structures (700 myu x 2040 my), which
were not found in similar preparations from normal Linman sernm (stndies
carried out in associntion with Captain Schlesinger, and Dr. Wendell M.
Stanley of the Rockefeller Institnte).

Cultivation in various media in vitro.—Although successful cultivation
of dengne virus on the chorio-allautoic nembrane of the developing chick had
been claimed, the claims were either not substantiated by tests on human
beings,™ or the human tests which were carried ont yiclded [in this writer's
opinion] no conclusive evidence that the cnltured materinl was dengue virns.™
Numerous attempts were made to propagate n variety of strains of the hunun,
unmodified virus in embryonated eggs inoculated by various rontes, or in tissue
cnltures containing minced chick embryo, minced monse embryo, or human
leukocytes. Iowever, nll of these attempts yielded negative results as judged
by tests on hinman volunteers who failed to develop either disease or immunity.
After the dengue virns was successfnlly adapted to propagation in mice, it
proved possible to cultivate it in chick embryos,

Experimental iliness following infection with dengue virus by seari-
fication of skin, conjunctival, or nasal instillation,*—The investigation of
the results of infection by “unnaturnl” rontes was part of a search for some
means of producing immnuity withont disease. Undiluted, infectious sernm
rubbed into the searified skin produced unmodified dengue. Nasal instillation
of 1 million or 100,000 M.LD. (basad on infectivity by intracutaneons ronte)

% See footnote 20, p. 43,

4 Ree footnote 28, p. 41,

» Kimura, R., Higaah), N, and Akasawa, H.: Uber dle Zuchtung des Denguevirus auf der
Chorioallantolamembran von Hilhnerelern. Japanese J. Med. Sc. VI. Bact. and Parasitol. 2: 241,
1944,

# Letter, Lt. Col. Albert B, 8abin, MC, to Preveative Medicine Service, Office of The Surgeon
General, attn: Brig. Gen. Stanhope Bayue-Jonex, dated 26 Jan. 1945, audbject : Penetration of Deague
Virua Through Normal Nasil Mucosa With Resulting Modification In Clinlcal Type of Infection,
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resuhted in a very mild or negligible illness with rash in four of six human
vohuiteers, while two others suffered from a typical, unmodified attack. Nasal
instillation of 10,000 M.LD. produced ncither disense nor immunity. Instil-
lation of 200,000 M.L.D. into the conjunctival sac produced typical dengue in
one volunteer, while 10,000 M.I.D. prodnced neither disense nor immmnity in
nnother. Mosqnitoes feeding on a volunteer with the modified, negligible
disease following nasal instillation of the virus, at the time the yash first ap-
peared (in absence of fever), developed the capacity to transmit the unmodi-
fied disease. \bont 5 weeks after nasal instillation of the virns, three of the
volinteers, who exhibited the mildest symptomatic reaction, were exposed to the
bites of dengue-infected mosqnitoes and were found te be immune.

Effect of Atabrine and penicillin.—The effect of Atabrine (quinacrine
hydrochloride) an the conrse of dengue was investigated in order to determine
whetler or not this drug might lmve been responsible for the mikl forms of
dengue enconntered in our troops in New Guinea. Three volunteers were
given 0.1 gm. of Atabrine daily for a period of 12 days prior to infection by
exposiure to the hites of 22 to 24 .1. aegypti mosquitoes. The same dose of
Atabrine wns then continued thronghout the incubation and febrile periods.
All three volunteers, who were daily abserved to swallow the drug, developed
the disease withont mudification of the incnbation period, clinical severity,
rash, or duration of fever. Penicillin administered at the onset of fever (25.000
mnits every 3 hours, day and night) had no efiect on the course of the experi-
mental disease.

Capaeity of certain American mosquitoes to transmit dengue.—This
mvestigntion was earried out to determine to what extent mosquitoes prevalent
in the United States, other than 1. aegypti, might be potential vectors. The
feeding of any species on lmman valunteers, although occurring at the onset
of fever. was alwnys checked by nllowing A. weyypti to feed simultaneously.
The extrinsic incubation periods varied from 2 weeks to over 1 month. The
following species of mosquitoes were found not to transmit the infection under
conditions which permitted 1. eegypti to act as an eflective vector: Aedes
verans, Aedex xollivitanx, Avdes laeniorhynchus, Aeden cantator, \nopheles
punctipennis. Anopheles quadrimacnlatus, and Culex pipiens.

Preservation of virus by freezing and lyophilization.—Dengue virus,
in the form of hunmn serum, has been found to be remarkably stable on storage
in the frozen state in a Dry Ice chexst, or in the lyophilized state in an ordinary
refrigerator. Preparations have remained infective for a period of 5 years,
the longest. interval tested thns far.™

¥ [o(ter. Lt. Col. Albert B. 8abln, NMC, to Preventlve Medicine Service, Ofice of The burgeon
General, attn: Brig. Gen. 8. Bayne-Jones, dsted 25 Jan. 1945, subject: (a) Effect of Dally i.take
of Atsbrine on Clinlcal Course of Experimentst Dengue 1n Human Volunteera: (b) Factors Responsible
for MIM, Usually Rash-Free, S8hort Fedrile Forms of Dengue in New Gulnea (1944).

» madin, A. B.: The Dengue Group of Viruses and Its Family Relatlonships, Bact. Rev. 14:
225 232, Beptembder 1930.
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EFFECT OF DENGUE VIRUS ON LABORATORY ANIMALS

Infant mice and hamsters, newborn and adult guinea pigs, cotton rats, rab-
bits, and Macuce rhesus monkeys inoculated intracerebrally or intra-abdomi-
nally, or both, with serum or wholeblood of proved infectivity for human beings
exhibited no clinical signs of infection. Tests with guinea pig brain tissue in
o lluman volunteer revealed no evidence of inapparent infection in the guinca
pig. On the other hand, subinoculation of serun obtained from M. rhesus
monkeys 6 days after inoculation of hmnan serum produced typical dengue in
a human volnnteer, thus confirming the occurrence of inapparent infection in
M. rhexus monkeys. The nltimate adaptation of the virus in mice will be
described subsequently.

IMMUNOLOGIC STUDTES ON HUMAN VOLUNTEERS

Immunity to reinfection with homologous and heterologous strains
of virus.——Human volunteers reinoculated with the same strain of virus proved
to be completely inmune for as long ns 18 months ufter a single infection—
the longest period tested thus far. These tests are especially significant becnuse
they were carried out on humon beings residing in nondengue areas, and there
can be no question of the immunity hnving been reinforced by intercnrrent,
inappurent reinfection. The results of reinoculation with a heterologous struin
were fonnd to depend on the intervnl after the original attack. Active im-
minity to heterologous strains wns, as a rule, demonstrable during the first 2
months after an attack. That this cross-immunity is most likely dne to a group
specific antigenic stimulus and not to nonspecific resistance resulting from a
preceding febrile illness was confirmed by the fact that phlebotomus fever
convalescents exhibited no such immunity todengne. Reinfection with a differ-
ent immunologic type of dengue \irus approxinately 2 to 3 months after a
primary attack had been found to give rise to malaise and slight fever for less
than 24 hours, and mosquitoes which fed on such patients acquired the capacity
to transmit the unmodified disense. Group immunity was still evident for as
long as 9 months after the primary attack, since volunteers who were then
shown to be resistant to the homologous type reacted with n rask-free, febrile
illness of 2 to 3 duys’ duration upon inoculation with a heterologous type of
dengue virus. These modified attacks, clinically not recog....able as dengue,
were proved to be dengue by both mosquito and blood transmission tests. By
this method of comparison, it wns found that fonr of the seven human strains
studied, that is, the Hawaii, New Guinea “A,” nnd two strains from India,
belonged to one immunologic type or group, while the other three, all from
New Guinea, belonged to another. Since more than one immunologic type of
dengue virus was thus found to be present in New Guinea at the same time,
it is possible that reinfection with a heterologous type of virus may have been
one of the causes for the many atypical febrile illnesses which were diagnosed
as fever of undeermined origin, but which were shown to be dengue by recovery
of the virus.
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Demonstration of type-specific neutralizing antibodies.*>—¥’revious
attempts by other investigators to demonstrate a neutralizing antibody in
convalescent dengue serum were unsnccessful. It Lecame apparent that the
previous lack of success was at least in part due to the fact that unknown
quantities of virus were used in the tests. Thus, it proved possible to demon-
strate that the serum of volunteers convalescent from infection with the
Hawaiian strain of dengue virus was capable of nentralizing 1,000 but not
100,000 M.LD. of virus. This means that when 0.9 ml, of convalescent serum
was mixed with 0.1 ml. of acute dengue serum (with 1 million M.LD. per
milliliter) diluted 1:100, and the mixture, after in vitro incubation, was in-
jected intracutaneously in 0.2 ml. amounts in a human volunteer, neither local
lesions nor illness developed. Utilizing the skin surface of the arms, abdomen,
and back, 20 to 40 different sera, including normal controls, could be tested
simultaneously in a single volunteer, the presence or absence of neutralizing
antibody in a given specimen being determined by the appearance or non-
appenrince of a local lesion. Neutralizing antibody ngainst 1,000 M.I.D. of
virus was dentonstrated in the sernm of Hnwnii dengne convalescents obtained
1 week, and 1, 2, 3, and 8 months after defervescence. The dermal neutraliza-
tion tests which established the type-specificity of the antibody were performed
with approximately 10 minimal skin-lesion-producing doses. The results
obtained in tests with five human strains of virus, shown in table 14, indicate
only two distinct immunologic types among them—the Hawaii and New
Guinea “A” belonging to one type, and the New Guinea “B,” and “C,” and
“D” strains to another. Convalescent serum obtained during the first 2 months
after an attack, when active immunity to heterologous types was readily de-
monstrable, contained only type-specific antibody in the dermal neutralization
test.

TABLE 14.—Differentiation belween strains of dengue virus (dermal neutralizalion lesls in
human volunteers)

8kin lesions resulting from mixture with—
Strain of virus 11zmsn convalescent serum
Normsl =
serum
llawail New Guinea | New Guinea | New Guinea | New Guines
wpr R wge ups

Hawaii......._.___.. + 0 0 + + +
New Guinea “A"™_______ + 0 0 + + +
New Guinea “B”__.__.. + + + 0 )] 1}
New Guinea “C”_______ + + + 0 0 0
New Guinea “DV__ ____ + +? + 0 0 0

Source: Sabin, A. B.: The Dengue Group of Viruses and 1ts Familly Relationships. Bact. Rev. 14: 225-232, Sep-
tember 1950,

® Letter, Lt. Col. Albert B, Sabln, MC, to Preventive Medicine Service, Office of The Surgeon
General, attn: Brig. Gen. SBtanhope Bayne-Jones, dated 26 Jan. 1945, subject: Nentralizing Anti-
bodies in Dengue and the Capacity of Different Strains of the Virns to Stimnlate Thelr Production.
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Interference between 17-D strain of yellow fever and dengue vi-
ruses.*—The investigation on the relationship between the yellow fever and
dengue viruses was undertaken to determine whethier or not vaccination with
the 17-D strain of yellow fever virus can modify the clinical course and severity
of dengne. This was carried out in senrch for an explanation for the mild
form which dengue assimined in American troops in New Guinea. Thirty volun-
teers were used in this study and the following resnlts were obtained :

1. When dengne virus, in amounts of 10 to 1 million huinan M.L.D., was
inocnlated simnltaneously with, or 3 days after, yellow fever vaccine, the onset
of dengne was delayed for 3 to 6 days, and the resulting disease wns miider and
of shorter duration.

2. When the dengue virus was injected 1 week after the yellow fever vac-
cine, the incubation period was unaffected, but the resulting disease was milder
and of shorter duration.

3. When infection with dengue virus (either by the bites of infected 1nos-
quitoes or the inoculation of 10 human M.LD. of infectious serum) was post-
poned for 5 weeks after the yellow fever vaccine, neither the incnbation period
nor the duration or severity of the resulting dengue was modified.

It was concluded, therefore, that immunity to yellow fever, resnlting from
vaccination of human beings with the 17-D strain of yellow fever virus, neither
protects against nor modifies the disense resulting from infection with dengue
virus, While a definite interference phenomenon was demonsirable during the
period of propagation of the two viruses, and while the simultaneous injection
of yellow fever vaccine and dengue virus resulted in a rather mild and modified
form of dengue, it could not be regarded as a feasible method for the simultane-
ons immunization against both diseases.

INTERFERENCE BETWEEN DENGUE AND VISCEROTROPIC
YELLOW FEVER VIRUS IN RHESUS MONKEYS AND
MOSQUITOES

One of the reasons the problem of interference between these two virnses
was pursued further is the peculiarity in the epidemiology of yellow fever that
it has apparently spared many parts of the world (for example, India, Indo-
nesia, Australia, and so forth) where dengue has been endemic. The study on
M. rhesus monkeys and on mosquitoes was carried out in association with Dr.
Max Theiler of the Internationu! Iealth Division of the Rockefeller Founda-
tion.* In the tests on hmnan volunteers, the yellow fever virns (17-1)) was

“ Lelter. Maj. Albert B. Rabin, MC. to Preventlve Medicin~ Serviee, Office of The Nurgeon
General, attn: Brig. Gen. Stanhope Bayne-Jonex. dated 6 Nouv. 1944, subject . Interference and
Immunologie Relatlonshlp Between Dengue and Yellow Fever Vienres—Summary of Results Ontalned
ia 8tudles on Human Belngs, Rhesus Monkevs, and Aedes ecgypti mosquitoes.

@ See footnote 40.
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the agent which produced the inapparent infection while dengue produced the
clinically npparent disease. In the tests on M. rhesus monkeys, the dengue virus
(highly infections himau sermn injected intra-abdominally or intracerebially)
produced the inapparent infection while the viscerotropic yellow fever virus
(Asibi steain) produced the elinically severe, futal disease. When the dengne
virus was injected in M. rhesus moukeys 2 or 3 days before the viscerotropic
yellow fever virns, it interfered with the mnltiplication of the latter virus and
six of seven moukeys survived, while all nine control monkeys, inoculated with
yellow fever virus only, died.  When the interval hetween the dengune nud yellow
fever inoculutions was from 4 to 7 duys, there wus still demonstrable interfer-
ence with the mnltipliention of the yellow fever virus, but death of the monkeys,
while postponed, was not prevented. When the yellow fever virus (100 mini-
mum lethal dose) was injected 1 mouth after the dengue virus, six of eight
monkeys died in a manner which suggested that no significant cross-immunity
existed between the two viruses.

Since the A. aegypt: mosquitoes serve as natural vectors for both the dengue
and the yellow fever viruses, and since available evidence indicated that mos-
quitoes remain infected for life, the possible occurrence of interference betwecn
these two viruses in mosquitoes was of special interest and possible epidemio-
logic sigmificnuce. A, aegypti musquitoes which first were proved to have be-
come infected with dengue virus (by tests on human volunteers) were allowed
to feed on monkeys infected with the highly virulent, Asibi strain of yellow
fever virus. After n suitnhle interval, these mosquitoes were tested for their
capncity to transmit yellow fever, and two of the tliree monkeys bitten by them
died of yellow fever. However, tests in which extracts of individual mos-
quitoes were tested in mice suggested that some of the dengue-infected mos-
quitoes did not become infected with the yellow fever virns, while nll the normal
mosquitoes did. Tn view of the fact that in feeding on monkeys infected with
the Asihi strain of yellow fever virus, each mosquita sequires abont 10 million
M.L.D. (minimum lethal dose) of virus, a degree of infection which may not
obtain in mature, other experiments were perfarned in which normal and
dengue-infected mosquitoes were allowed to feed on artificial mixtures con-
taining varying amounts of yellow fever virns, and the multiplication of virus
in tliem determined by tests in wice. These experiments strongly suggested
interference with multiplication of smaller doses (about 10*LDy, or less) of
yellow fever in dengue-infected mosquitoes, and in another biting test in mon-
keys, the normal mosquitoes which ingested 10°LD:, of virus transmitted yellow
fever, while a similar number of dengue-infected mosquitoes which fed on the
same mixtnre did not. These resnlts suggested the possibility that the intro-
duction of yellow fever virus in a dengue-endemic area may find enongh mos-
quitoes relatively refractory to the yellow fever virus to prevent the establish-
ment of yzllow fever in the same area.
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ADAPTATION AND PROPAGATION OF DENGUE VIRUS IN MICE

The following quotation from this writer’s report to the Fourth Interna-
tional Congresses on Tropicnl Medicine and Malaria 2 summnarizes the experi-
ences encountered in the adaptation of dengue virus to mice:

* ¢ *» the many simiiaritiea between the viruses of yeiiow fever and dengue and the
available knowiedge of the varying behavior of yeliow fever virua in wice, were, in large
measure, responaible for the persistence with which my associate, Dr. R. W. Schlesinger,
and I continued the work on adaptation of dengue virua ln mlce In the face of mauy faltures.
Uitimately, 1t appeared that In the primary adaptation of buman dengue virus kn mice, the
important factors were the breed and age of the mice, the straln of virua, and the propor-
tionni concentratlon of virua and inhibitory factor apparently present In infectious human
serum. The best resulta were obtained with the Hawail virus, either concentrated by
ultracentrifugation at 25,000 revolutions per minuie for 90 mlnutes, or witb highly lufec-
tiona human serum diiuted 1:100. The so-caiied Webster Swiaa mice were better than
nthier alblno mice, and the *dba” mlece bred at the Jackson Memorial Laboratory at Bar
Harbor, Malne, appeared to be better than any of the albino and colored (C-57 biack,
C-57 brown) mice that were tested, Two-week-old or younger mlce were needed for the
Inltiai passages, and it was not untll the virus was thoroughiy adapted after many seriai
passages in young mlice, that nider mlce would succumb with regularity. The dlagram in
chiart 2 shows that only that portlon of the passage-tree which yleided auccessful con-
secutive passages and not the hundreds of mlce which in the early passages exhihited
nothing or yielded nothing on further passage. Oniy 10 to 20 percent of the Inoculated
mice at first exhlbited cilnicai algns of the infection (siight weakness of the extremitles
detectabie oniy by special teats in some, and distinct flaccld paralysis or encephai'tlc signs
in others). and the incubatlon period was frequently 3 to 4 weeks. It took 13 passages
before 100 percent of the mice inocuiated with a 10 percent brain and cord suspension
succumbed, and the incubation period was reduced to 0 to 14 days. At thls stage the 50-
percent morbldity and mortaiity endpoint In mice dld not exceed 107, but continued serial
passages in young mice gradually increased the titer and shortened the incubation period
untii now, after more than 80 such passages, the intercerebrai titer for the 0.03 cuble
centlineters dose in mice is 10** and the incubation period for the highest concentration
ia approxlmntely ¢ days. We could not be certain that this virus in mice was Indeed
dengue virus, untli, after approprlate preiimlnary tests in iaboratory anlmals, the eariy
parsage materlal was Inoculated In human voiunteers and produced in them solid immn.
nity to unmodified human dengue virus, Simliariy, we know that the virus of higher
potency which 1s now belng passaged in mice is stiii dengue virus, because it is neutrallzed
apecifically by the human convaiescent sera and by the sern of rhesus monkeys and
chimpanzeea Inocniated with hnman virus that has never been through mice. Thls mouse-
adapted dengue virus produces nelther apparent nor Inapparent infection in cotton rats,
hamsters, guinen pigs, or rabbits.

EFFECT ON HUMAN VOLUNTEERS OF MOUSE-PROPACATED
DENGUE VIRUS AT DIFFERENT STAGES OF ADAPTATION

Extracts of the brain and spinal cord of paralyzed mice, derived from the
first six consecutive passages in mice, upon inoculation in human volunteers
produced clinical manifestations of varying severity—relatively mild in some

% 8abla, A. B.: Recent Advances in Phlebotomus and Dengue Fevers. Proc. Fourth Intermat.
Cong. Trop. Med, and Malaria 1: 520-523, May 1948.
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CuaRT 2.—Adaptation of dengue virus (Hawaii strain) to Swiss albino mice
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and fully severe and unmodified in others.®* Local skin lesions appeared at the
sites of intracutaneous injection after an incubation period of 5 to 7 days, and
marked generalized maculopapular and ultimately petechial eruptions ap-
peared in all. T.eukopenia with the qualitative and quantitative changes in
the leukocytic formuls usually seen in dengue were also present. Blood serum
obtained from the above volunteers at the onset of the generalized eruption
produced typical dengue in another volunteer.

“gabin, A. B, and Schiesinger, R. W.: Production of Immunity tc Dengue With Virus Modified
by Propagation in Mice, Science 101; 040642, June 1046.
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Beginning with the seventh passage in mice, however, the virus had lost
its capacity to produce the severe illness and protracted fever, characteristic
of the unmodified disease in human beings, but retained its capucity to produce
a rash and solid innnmunity to the unmodified virus, Fever either did not occur,
or was low-grade, lasting 24 hours, or less. Blood taken fromn such persons at
the time the rash ficst appeared produced only the same type of moditied reac-
tion in other volunteers. Immunity to infection with the unmadified virus
was already present 12 dnys after inoculation, the shortest interval tested.

USE OF MOUSE-ADAPTED DENGUE VIRUS AS A VACCINE

The results of tests on nine hiuman volunteers inocnlated with the 7th to the
10th mouse-passage virus indicated that the virus had undergone sufficient
attenuation to permit its consideration for use as a vaccine against dengue.
Accordingly, two vaccines were prepared from the 15th and 19th inonse-passage
virus and tested both in ASTP (Army Specialized Training Program) medical
student volunteers and in schizophrenic patients, The 15th mouse-passage
vaccine,** consisting of a centrifuged 1:10 monse-brain extract in 10-percent
human serum-saline solution, was tested in 16 individuals in doses of 0.5 nl.
of the 1:100, 1:1,000, and 1:10,000 dilutions. While the titer of this virus
in mice was only 1: 100 for the 0.03 ml. dose, 2!l inoculated persons (including
those receiving 0.5 ml. of the 1:10,000 dilntion) developed a maculopapular
eruption of varying extent, while systemic symptoms were either ahsent,
negligible, or very mild; 21 to 38 days after vaccination, all were found to be
immune upon exposure to A. eegypt/ mosquitoes of proved infectivity. Thus,
it became apparent that the extract from a single mouse brain and cord, pre-
served in the frozen state, had enough antigen in it to immunize at least 10,000
people. When some of the sume 15th mouse-passage vaccine was lyophilized
together with yellow fever vaccine and tested in 10 students (the inoculum
contained 1:100 or 1:1,000 dengue and the standard dose of yellow fever
vaceine), 5 of 7 students subsequently exposed to dengune-infected mosquitoes
were not immune. It was not clear whether the chick embryo yellow fever
vaccine did not constitute a suitable protective agent for the lyophilization
of the diluted, modified dengue virus, or whether the proportions of the two
viruses in the inoculum were such that the multiplication of the smaller dose
of modified dengue virus was suppressed by the larger dose of yellow fever virus.

Since it was desirable to get away from human sernm as a constituent of
the vaccine, crystalline bovine albumin was selected as the protein to be used
for both extraction and lyophilization in the tests with the 19th monse-passage
vaccine.® A relatively large amount of vaccine (enough for more than 50,000

4 Report, Lt. Col. Albert B. S8abln, MC, and Capt. R. W. Schiesinger, MC, to Meeting of the
Commission on Nenrotrople Virus Di Army Epldemiologica]l Board, 18 Oct. 1945, subject:
Vaccination of Human Beings with Dengue Virns Modifled by Passage In Mice.

4 Letter, Capt. R. W. Schleslnger, MC. to Brig. Gvn. Stanhope Bayne-Jones, Preventive Medicine
fervice, Office of The Surgeon General, 12 Sept. 1945, with Appendix 1, “Results of Immunity
Tesln.”
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men) was prepared both as a model for prodnction on n still larger scale
and for the purpose of having enough available for a field trial if the pre-
liminary human tests were satisfactory. Witl the aid of the fucilities of the
laboratories of the International Health Division of the Rockefeller Founda-
tion, the vaccine was lyophilized in two forms—as 10 percent and as 1 percent
extract of mouse brain and cord in 10 percent crystalline bovine albumin.
Simultaneous titrations in mice of the frozen and lyophilized 10 percent vac-
cines revenled that the lyoplilized material had ouly one-tenth as much infec-
tive virus as the frozen preparation; that is, that Y percent of the infectivity
was lost on lyophilization. However, tests on 15 persons revealed that the
10 percent lyophilized vnecine produced the same type of reactions (that is,
predominantly rash) as the 15th mouse-passage frozen vaccine, except that
in the 1:10,000 dilution the lyophilized preparation produced rash in only
1 of 3 individuals, and iunnunity to a large dose of unmodified dengue virus
(probably as much as 1 million M.I.D.)in 2 of the 3 individuals. The 1 percent
Iyophilized vaecine was appurently ineffective (probubly more deterioration
on lyophilization) since neither rash nor immunity resulted from the 1:1,000
or the 1: 10,000 doses.

Each vial of the 10 percent lyophilized vaccine contained 1 ml. of the
centrifuged extract of mouse brain and cord, and was to be reconstituted in
20 ml. of saline. Thus, 0.1 ml. of this diluted material (the projected dose
for subcutaneous injection) contzined the mouse brain and cord extract as
well as the crystalline bovalbumin in a final dilution of 1:200, and one vial
would have supplied enongh vaccine for approximately 200 men. This vac-
cine was to be used in a field trial among troops who were being transferred
frcm Europe to the Pacific, but the war fortunately came to an end before
this eventuality occurred.

INFECTIVITY OF A. AEGYPTI MOSQUITOES FEEDING ON HUMAN
BEINGS INOCULATED WITH MOUSE-ADAPTED DENGUE VIRUS

This investigation was prompted by two practical questions: (1) Is it
possible that the virus might revert to its original, unmodified virulence after
passage through mosquitoes, and (2) could A. zegypti mosquitoes transmit
the modified infection after feeding on vaccinated individuals at certain pe-
riods after inoculation? The following results were obtained:

1. A. aegypti mosquitoes which fed on the human volunteer inoculated
with the 2d and 3d mouse-passuge virus (that is, before fixed modification
had occurred) during the period of low-grade fever produced unmodified
dengue in another volunteer after an extrinsic incubation period of 22 days,
but not after 15 days, even though 40 mosqnitoes fully engorged.

2. A. aegypti mosquitoes which fed on people inoculated with the 10th
monse-passage virus acquired the capacity to transmit the modified infection ;
that is, the bitten volunteer developed only the rash and leukopenia wirhont
fever or other significant symptoms.
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3. Extensive tests carried out on students, inoculated with the 15th mouse-
passage virus, indicated that several lots of A. aegypti mosquitoes, which had
fed daily on the experimental subjects for 14 days after vaccination, were
unable to transmit the infection even after prolonged extrinsic incubation
periods of 29 to 33 days. With 22 to 42 mosquitoes engorging in the tests on
each volunteer, there was no rash or other clinical evidence of infection in
any of the 14 men who were exposed in these tests.

CULTIVATION OF MOUSE-ADAPTED DENGUE VIRUS IN CHICK
EMBRYOS

No success was achieved in the cultivation of dengue virus in chick embryos
until the virus had undergone approximately 16 consecutive passages in mice.**
Attempts to propagate the mouse-adapted virus, using passages 4, 5, and 13,
in fluid or plisma clot cultures containing mouse embryo brain tissue were
unsuccessful in that no virus pathogenic for mice was demonstrable after
1, 2, or 3 passages. When the 13th passage mouse-adapted virus was used for
inoculation of 6- or 10-day-old chick embryos which were subsequently
incubated for 8 or 4 days, respectively, at 37° C., no mouse-pathogenic virus
was demonstrable after one to four serial passages. The results were the same
when the inocula were introduced into the yolk sac or embryo, allanteic or
amniotic sacs. When the 13th passage mouse-adapted virus was inoculated
directly into the brain of 10-day-old embryos which were subsequently incubated
for 7 days at 37° C., mouse-pathogenic virus was demonstrable in the chick
embryo brain tissue in the first passage, but not in the second. Repetition
of this procedure with 16th passage mouse-adapted virus yielded negative
results even in the first passage. When the 16th or 18th passage mouse-adapted
virus was used for inoculation (toward the embryo) of 5-day-old chick embryos
which were subsequently incubated for 8 days at 37° C., mouse-pathogenic virus
was demonstrable in whole embryo extract of the first passage in tliree separate
geries. In only one of these series, however, was virus demaonstrable in the
second passage, but even in this series it was no lunger present in the third
passage when the incubation was at 37° C. It was found, however, that
incubation at 35° C. was more suitable for the serial propagation of the virus,
so that it has been possible to demonstrate appreciable amounts of virus in the
third passage of at least two serivs. There was some indication that 4 or 5
days of incubation was not as good as 8 days, and that while the virus was
present in the amniotic membrane as well as in the whole embryo, little or no
virus was found in the amniotic fluid. .

It finally proved possible to obtain continuous cultivation of the virus in
embryonated eggs when 5-day-old embryos wers used for inoculation and a

“ iteport, Capt. R. W, Schlesinger, MC, and Lt. Col. Albert B. Babin. MC, to Meeting of the
Neurotrople Virus Commission, Army Epldemliological Board, 18 Oct. 1945, subject: Dengue Virus in
Chick Embryos.
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period of 8 to 10 days at 35° C. for incubation. Tests in four human beings
with extracts of the third passage whole chick embryo or amniotic membrane
revealed that the virus had remained in its modified form, producing the
characteristic macular or maculopapular eruption after an incubation period
of 9 to 11 days, without fever (except for elevation of 1° F. for 24 hours in
one subject) or other clinical manifestations.

SEROLOGIC TESTS WITH MOUSE-ADAPTED DENGUE VIRUS

After the Hawaii dengue virus became sufficiently adapted to mice to
yield an intracerebral titer of 10~ to 10~ it was possible to develop a mouse
test for the detection of neutralizing antibody. At that stage, no neutralization
of the virus could be demonstrated without preliminary incubation of the
cuixtures at 37° C. for 2 hours, or if the serum was heated at 56° C., for 30
minutes, Neutralization tests performed under optimal conditions (that is,
with sera transported and stored in Dry Ice, and serum-virus mixtures incu-
bated at 37° C. for 2 hours) on sera from human volunteers infected with
various strains of virus and from individuals with histories of naturally
acquired infections in various parts of the world yielded considerable interest-
ing information. Thus, it was established that the neutralizing antibody was
type-specific and appeared as early as 1 week after onset of illness and persisted
for at least 2 years (more recently, at least 4 years) in individuals residing
in nondengue areas. Neutralization tests on sera from people with a diagnosis
of dengue during the Hawaii epidemic of 194344, or the Japanese epidemics
of 194445, revealed that the Hawaii type of virus was probably predominant
in those outbreaks, while similar tests on the sera of Americans who had the
disease on Guam in 1944-45, and from Americans and Panamanians in the
Panama Canal Zone indicated that another type or types of dengue were
probably more prevalent there.

TESTS FOR DENGUE DURING WORLD WAR II

Philippines and Okinawa.—-Large numbers of cases of a febrile illness
(or febrile illnesses) clinically similar to dengue, with the important exception
that there was no rash, occurred in 1945 in the Philippine Islands and on
Okinawa. Inview of the success that was encountered in the recovery of severnl
strains of dengue virus from clinically atypical cases in New Guinen, repeated
attempts were made to demonstrate the presence of dengue virusin patients with
this atypical illness in the Philippines and Okinawa. The serologic tests for
dengue were not yet adequately developed at the time, aud :oliance had to be
placed on the inoculation of sernm, obtained within 21 to 48 Lours after onset
of fever, into human beings in the United States. T'hree pools of sera derived
from 11 patients in Leyte, P.I. (February-March 1945), were subinoculated
into 6 human beings in the United States, and two sera from 2 patients on Min-
doro, P.I. (April 1945), were subinoculated into 2 humau beings in the United
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States hut all the recipieuts renmined well.  Althengh the donor patients
were selected becanse they remained free of junndice, there was, nevertheless,
a grent deal of hepatitis in those regions at the time. It is noteworthy, there-
fore, that the recipients were observed for numy months but did uot develop
jnmdice, The sera of five patients from Qkinawa (June-Angust 1943) were
similarly inoenlated into four humnn beings in the United States with com-
pletely negative results*

Panama Canal Zone.—.\n investigation into the occnrrence of dengne in
Panama during World War IT was earried ont in January and Febrnary 19464
It was found that in 1941 and early 1942, at a time when a grent deal of new
activity was in progress in the Canal Zone and when there was an inflnx not only
of military personnel but also of laborers from adjacent countries, there was a
considerable outbreak in Amerienns of a disease with clinical manifestations
entirely conipatible with a dingnosis of dengue. IHowever, the diagnosis of
dengne was not made, and pructically all of these cnses were fonnd in the files
of the Gorgus Hospital imder the dingnoses of “nasopharyngitis,” “nasopharyn-
zitis with rash,” or occasionnlly “X-Y-Z” fever. However, m 1945, Cupt.
(later Maj.) L. McCarty Fairehild, MC, of the Gorgas Hospital reported a
selected series of these enses as “denguelike fever™ in Pananmn®  An aualysis of
the charts of these patients indicated that clinically they represented classical
forms of dengue. It is of interest that A. aegypti breeding m Ancon, Balboa,
and Pannina City were sufficiently high (indexes of 10 to 17 percent) to justify
warnings regarding intensified mosqnito control. It is furthermore of inter-
est that during this sume period the “great majority” (varionsly estimnted us
80 percent) of the native Panamanian population in Panania City was nttacked
by a disease which was dingnosed for the niost part ns imeasles, German measles,
or glandular fever. Ifowever, some of the Pannmaninn physicians ** snspected
dengue at the time, and this author’s examination of many of the ¢linical records
revenled syndromes clinically churacteristic of dengue.  There were apparently
no further ontbreaks after 1942, but sporadic cases probably continned to ocenr
since fonr clinically characteristic cases were ohserved in Americnns during this
author's visit early in 1946. Neutralizntion tests in mice yielded positive results
with three of eight convnlescent sera from the 194142 outbreak, and one of six
sern from recent convalescents. It would appear that a type of dengue virus,
immnnologicnlly distinct from the IHnwniian strain, may be prevalent in

4 Letter, Lt. Cul. Albert B. Sabin, MC, o P'reventive Medicine Service, Ofice of Tbe Surgeon
Genera), attn: Brig. Gen. Stanhope Bayne-Jonens, dated 23 Dec. 1945, subject: Homan Transmladon
Tests Wiib Sera From F.U.0. Cases on Mlindoro, P.1, During March and April 1945.

@ Letter, Lt. Col. Albert B. Sabln, MC, to Preventlve Medicine Bervice, Ofice of The Surgeon
Gepernl, attn: Brig. Gen. Stanhope Bayne-Jones, dated 28 Dec. 1945, sudbject: De«gue-Like Fever on
OxInawa—Human Transmisslon Tests.

* Letter, Albert B. Sabla, ).D.,, Army Epliemilologleal Board, to The Surgeon General, U.8. Army,
through Chlef, Preventlve Medicine Service, 5§ Mar. 1046, subject: Investigation of Fevers of Unde-
termined Origln I the Canal Zone and Republic of Panama With Speclsl Refercnee to Posslble Eademl-
elty of Dengue and Phlebotomus (Sandfly) Fever,

% Falrehild, L. M. : Dengue-Like Fever on Inthmus of Pansma., Am. J. Trop. Med. 25: 307-401,
September 1045,

8 Rognonl, M.: Epldemic Disease In Panama (Editorial). Boletin Asoclaclon Medica Nacional
Panama 3: 7, 1941,
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Panama.  This investigation also suggested the possibility (1) that the interior
of Pnnama may be an endemic focus of dengue, and (2) thut the Zlaemogogus
mosquitoes and monkeys in the jungles of Panaina shonkl be investigated as a
possible sonrce of “jungle dengue fever.”

Japan.—According to an inquiry carried out by the writer in Japan n
1946, it would nppear that npproximately 2 million cases of dengue may have
occurred in the port cities of Nngnsnki, Kure, Snsebo, Kobe, aud Osukn bet ween
1942 and 19455  Dengue was said to have been nnknown in Japan before 1942,
and the epidemics were correlated with two facts: (1) These cities were the
ports of entry for people from Shanghai, Singapore, and the Mnlay States
where dengne was prevalent at the thue, and (2) the water shovtage and the
later bombing led te the stornge of water in all soits of containers which became
the breeding grounds for A. albopictus, The city of Osaka with a population
of about 2 million had about 5,000 cases in 1942; 3,000 to 4,000 cases in 1943
400,000 to 600,000 cases tu 19445 und an unknown number in 1943, when, becanse
of the air raids, the population dispersed to the surronnding villages, The
sitnation wns said to be similar in other port cities.  Examination of the clinical
chrts of cases which occurred mmong the hespital personnel in Osaka revealed
the clissical elinieal picture of dengue, and blood obtained from many of these
putients i 1946 nentrnlized the monse-ndapted dengue virus.

Japanese investigators carried ont experiinental studies on dengne during
the war, und many strains of virns were reported to have been adapted to a
variety of experimentnl animals.  Somne of these nninml-adapted viruses were
no longer avnilnble in 1946. Ilowever, of five strains of “dengne® virns which
were snbmitted by several investigators for comparative study, only the three
mouse-ndapted strains recovered by Drs. S. Hotta and R. Kimura of Kyato
turned ont to possess the properties of deague virus; the other two “dengue”
virnses submitted by others turmed out to be Rift Valley fever in one instnuce
and fixed rabies virus in another. The nentralization tests performed with
the Junanese convalescent sera indicated that the Hawaii type of virus was
either prea.minaut in, or exclusively responsible for, the epidemics in Japan,

SUMMARY

Research on dengue in the United States during World War II provided
the following new information of special interest to military preventive
medicine:

1. I’roof of the existence of multiple inmunologic types of dengue.

2. The loug persistence of immunity to homologons types of virus inder
conditions preclnding reinforcement. of immity by subelinical reinfection.

3. The modifications of the clinical manifestations of the disease which
result from reinfection with a lLeterologons type of virns at various periods
ufter the prinmry attack.

2 Kee footnote 42, p. 54.
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4. The demonstration that, in arens (for example, New Guinea) where
more than one immunologic type of virus is present, fevers of undetermined
origin, clinically not recognizable as dengue, are actually caused by the dengue
viruses.

5. The demonstration that type-specific immunity to dengue is nssociated
with neutralizing antibodies for the virus, which can be used for diagnostic
and epidemiologic survey purposes.

6. The propagation of dengue virus in mice with the resulting appearance
of a mutant or variant strain which could be used for active immunization.

In addition to the discoveries listed, a great deal more was learned about
the basic properties of the dengue viruses. Thus was dengue research brought
from the field into the laboratory, and further progress has been made possible
by work on experimental animals instead of on human volunteers.



CHAPTER V

Filariasis Bancrofti

John Clyde Swartzwelder, Ph. D.

The first epidemic of filariasis in the history of .\merican or other military
forces ocenrred in World War II. The disease, which is ennsed by the filarinl
worn, Wuchereria bancrofti, appeared in American servicemen in epidemic
proportions only in certain Central Pacific islands.! Many of the infections
apperently were acquired on Tongareva or Penrityn Island, Bora-Bora (Society
Islands), Aitutaki (Cook Isnds), Wallis Islands, Tutuila (American Samoa),
Unaln (British Samoa), Tongatabu (Tonga Islands), Apamama (Gilbert
Islands), and Fiji Islands (map 1).

Units of the Army and the Navy were stationed or islands in the Central
Pacific Area. The Army tnsk forces were based on Bora-Bora, Aitutaki, Ton-
gareva, Fiji, and Tonga Islands. The Navy and Marine forces were located
on Wallis, Tutnila, Upoln, nnd Funafuti (Ellice) Islands. As a result, both
services had experience with filariasis?

There were abou! 2,500 U.S. Army admissions for filariasis from 1942
through 1945. One death from filariasis was recorded in an oversen theater
in 194. The data on ndmissions for filariasis in the U.S. Army, by year, are
significant: Three admissions in 1942, 660 in 1943, 1,585 in 1944, and 235 in
1945 (table 15). Qver 12,000 cases of filariasis occurred in U.S. Navy and
U.S. Marine Corps personnel.* The difference between the number of cases
of filariasis in the two services was largely due to the difference in the number
of personnel stationed on the islands where filariasis was a problem.*

Filariasis was of definite military significance during World War II.
From 5 to 70 percent of certnin groups in the Samoan Defense Area contracted
the disezse over a long period. It was estimated that the overall incidence of
infection in American military personnel would resch 30 percent or higher
among exposed troops.® Filariasis was among the leading causes of medical

1(1) Bapero, J. J.: Epidemlological Observations on Filariasis. National Resesrch Councll,
Divislon of Medical Sclences, Commission on Medical Research, Office of Scientific Research and
Development, Troplcal Diseases Report No. 17, June 1944, (2) Sapero, J. J., and Butler, F. A.:
Highlights on Epldemic Diseases Ocrurring In Milftary Forces In the Early Phases of the War In the
South Pacific. J.A.M.A. 127 : 502-501, March 1943.

* Reports on Filariasis Bancroftl 1n American Forces In the Paclic Area, April 1944-Jaanary
1948. by Maj. Jamen 1. Xnott, MC.

2Brown, O. J.: Late Manlifestatlons of Troplcal Diseases. Med. Ann. District of Columbla 16:
123-131 (Mareh) 1947.

¢ Stevens, Frank W.: [History, World Wsr 1]] Medicine—Bonth Pacific Ares, pp. 21-23.
{Offictal record.]

3 See footnote 1(2).
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Mar 1.—Fllariasis bancrofti in the Pacific area—Worid War 11.

evacuation in the South Pacific Area. A significant loss of manpower and of
money resulted directly from the disease. The general morsle of troops within
an endemic area as well as of thiose who had been staged in such areas was
influenced adversely® Intense fear of the disease by troops, almost bordering
on hysteria, constituted an important military probleni. Feer of elephantiasis,
of sterility, and of transniission of the disease to their families, coupled with
the sight of horribly deformed natives, engendeied this attitude. Experience
and greater knowledge of the disease have shown that these fears were
un founded.

The history of two U.S. Army organizations illustrates the loss of man-
power which resulted from the military experience with filariasis. The 134th
Field Artillery Battalion and the 404th Combat Engineer Company (Separate)
were dispatched overseas in April 1942. They were stationed at Tongatabu
from May 1942 to May 1943. The units were sent to Townsville, Australia,
and then to Woodlark Island in July 1943, where they remsined unti] January
1944. Because of the number of men exhibiting symptoms of filariasis, the
units were transferred to Sydney, Australia, and were examined by the staff

¢Malaria and Epldemle Disease Control Tralning Manual No 6, Headguarters, South Pacifie
Area and Force, November 1944, nubject: Fllariasis, Epldemlology. and Conttol.
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TaBLE 15— Admizsinns for filariasie in the 'S, Army, by theater or arca and year, 11042 45

[Preliminsry data hasel on sample tahulations of individual inedical re~ordls]
[Rate expressed as number per annum per 1 (g verage strengthl

194245 l| 1942 1943 ' 1944 1945
Theater of arca

T
| Number mu-i Numlml Rate| Namber| Rate! Nuwler | Rate | Number| Rate

Contlnental United States.....-.

Overseas:

Southwest Pacific.. ..
Central and South Pacl
North America

Latin America_., oo . 5 |
Total overseasd ___ _______ 2,002 { 0.19 3|0.01 €60 | 0.39 1.194 | 0.31 145 | 0.03
et B e b e e e B N s
Tntal Army___.__ _____ .. 2,483 | 0.10 3(0.00 660 | 0.10 1,385 io.no 2[5 003

U Includes North Africs.

# Includes Alasks and lceland.

a1 tea add o P

Norg.—The strengths on which the rates weorc based are mean sirengchs and will vary therefore from the official
strength reports of The Adjatant General.

Absolute zero is indicated by zero in the units column; 0,00 indieates » rate of more thap zoro hut less than 0.005,

ts.

of the 118th General Hospital. A filariasis survey of the two units revenled
evidence of high infection rates: 77 percent and 73.4 percent, respectively, wers
given as preliminary figures, which later were reduced to 65 and 55 percent, re-
spectively.” The Commanding General of the Sixth U.S. Army recommended
that the 134th Field Artillery Battalion and the 404th Combat Engineer Com-
pany (Separate) be returned to the United States for the following reasons:
The combat efficiency of the units had been serionsly impaired; rehabilitation
would extend over an indefinite period of time; the future combat value of the
two units wus highly doubtful; and the replacement of all individuals showing
evidence of filarissis would result in a state of training far below that required
for efficient combat.! The personnel of tiic organizations returned to the United
States as patients in July 1944. When they reached Moore General Hospital,
Swannanon, N.C., the troops had been overseas for 27 months. They had never

7 Letter, Col. R. F. Brown, Mf°, Vleadqoariers, 118th General Hoxpital, to the Chief Surgeom,
Headquarters, U.8. Army Bervices of Supply, Sonthwest Pacific Area, 16 Apr. 1844, subject- Final
Report of Fllariasia SBurvey of 536 Officers and Enliated Men From 134th Field Artlllery Battallon
and 173 Officers and Enlisted Men From 404th Combat Engineer Company (B), inclosnre thereto,
report, dated 15 Apr. 194 4.

s Letter, Lt. Gen. W. Krueger, Headquarters, 8ixth U.S, Army, to the Commanding General,
U.8. Army Forcea, Far Eaat, 8 Apr, 1944, suhject: Return of 134th Field Artlllery Battallou and
404th Engineer Company (C) (8eparste) to the Unlted States, Inclosure thereto.
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been in combat and had been hospitalized for 7 months. The men were con-
fused, apprehensive, and disconrnged.?

EPIDEMIOLOGIC CONSIDERATIONS

An elucidation of the basic factors which contrihuted to the ocenrrence
of epidemic filariasis is appropriate. After the Japanese attack on Pearl Har-
bor, troops of the Armny, Navy, and Marine Corps were rushed to the Samoan
Defeuse Aren. The defenses had to be set up in great haste, and camonflage
and other defense considerations had high priority. The areas which had to be
defended already contained native villages, and soine of the military jnstalla-
tions were placed in the villages and camouflaged to blend into the landscape.
The military anthorities would have preferred to move the native population,
but objections were raised hy the island governments. The defeuse forces
were instructed not to distarb the friendly relations existing between the
civilians and the military forces.

Since 1900, the U.S. Navy has maintained a station on Tutuila Island.
Before 1942, no cases of filariasis had been reported as occurring in military
personnel stationed there, but until then, the number of American personuel
on the island of course was small.  In peacetime, they lived in screened tropical
quarters in a sanitated aren nt a distnnce from untive dwellings. A survey of
the naval station area during the subsequent epidemic revealed a low density
of the filarial mosquito vector, Aeden scutellaris. None of the specimens cap-
tured contained filarial larvae,

There appeared to be a Inck of knowledge of tropical diseases and of a gen-
eral plan for control of mosquitoes. Individual preventive measures against
mosquito bites apparently were inadequnte.!* Mniaria is not endemic in the
Sumoan area so that any fortuitous protection from filarinsis which might have
resulted from malaria and mosquito control measures was lacking.

The task of prevention wns complicated by the problem of diagnosis of
early filariasis. Relatively few plivsicians, either civilinn or military, had
much experience with recognition of the early manifestations of the disease.
Confirmation of clinical diagnosis hy laboratory means during the initinl phase
of the infection is diffienlt and in many cases is not possible. As a result, there
was delay in recogmition of the syndrome of filariasis when it first became
nanifest in troops. Many of the men diagnosed as cases of filariasis probably
were not actually suffering from the disease, and the diagnosis was extremely
doubt ful.

Oune must give full consideration to the fact that the military activities
in the Samoan area were mitiated under conditions of urgency in which tactical

® Letter, Col. J. M. Hayraan, Jr, MC, Chief. Medical Service, Moore General Hospltal, Swan-
nasoa, N.C.. to The Burgeon General, sttn: Tropiea) Disesse T'reatment Brauch. 22 June 1845,
subject : Fllariasis In the 134th Field Artiliery Battallon and the 404tk Combat Engineer Company.

¢ Xee footuate 2, p. 63.

" Report of Medical Department Activities on Altutakl, Cook Islands, 27 July 1944, by Capt
T. D. Eungleborn, MC.
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defense measures demanded highest priorvity, IHowever, the number of cases
of filariasis which developed is evidence that the hazard of filarinsis was not
fully appreciated nor was it adequately anticipated.

E.xcellent epidemiologic investigations were conducted by Byrd, St. Amant,
and Bromberg.?? They observed tlmt as high as 25 percent of the mosquito
species, 4. seutellaris var. pseudoscutellaris, which were collected in the center
of native villages in the Samoan area contained infective lnrvae. As collections
were made at snccessively distant points from the village, the naturnl mosquito
infection rate dropped to zero at a distance of 200 yards. Their observations
indicated that infected mosquitoes had a short flight range and did not travel
far from the site where they had taken a Dlood meal. This suggested ihat the
degree of transmission might largely depend npon the degree of intermingling
of natives and troops.

Epidemic filarinsis occurred in troops only in the Sonth and Central Pacific
islands where the following conditions obtaimed: (1) Mierofilarine of the
parasite were “non-periodic” (actually dinrnal), (2) the vector wus a day-
biting Aedes mosquito which was present in considerable numbers, and (3)
there was intimate intermingling of infected natives and troops. In contrast,
filariasis occurred only sporadically in other Pacific islands, such as the New
Hebrides, Solomous, and New Guinea, despite 1he fact that a high incidence
of malaria, another mosquitohorne disense, was acquired by troops in these
islands.!

CONTROL OF EPIDEMIC FILARIASIS

The following measures were taken to control epidemic filariasis: All
units were required to set up a mosquito control organization. Each unit
supplied enlisted men and a noncommissioned officer who worked under the
direction of a mosquito control officer. Malaria control uuits were diverted
from malaria control to filariasis control. Insect repellent and insecticides
were made available in adequate supply. Camp areas were moved as far as
possible from native villages. Troops were prohibited from visiting villages,
and natives were excluded from camps. When the tactical situation per-
mitted, as many troops as possible were removed from the islands. It was
recommended that troops which remained were to be rotated to temperate or
nonfilarial islands after a period of 10 to 12 month’s duty.* The precipitous
decline in the number of reported cases of filariasis in the latter part of 1944
indicated that effective measures were being taken to prevent infection with
or to avoid exposure to filariasis.

A striking example of tke value of obeerving the principles of military
sanitation was demonstrated by Lt. Gen. Thomas E. Watson, U.S. Marine

7 Byrd, E. E., 5t. Amant, L. £, and Bromberg, L.: Studies on Fllariasis In the Samoan Arra.
C.8. Nav. M. Bull. 44 : 1-20, Jasuary 1945

3 Nee fontnote 1{1), p. 61,

1 Lelter. Maj. Gen. Normaa T. Kirk. The Surgeon General, U.8. Army. tn the Counmanding
General. South Pacific Theater. attn: The Burgeon, 5 Nov. 13, subject: Filariasis. First Indorse-
ment thereto, dated 21 Nov. 1943,
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Corps,'® on the island of Upolu. About 90 percent of the forces on this island
were located in a camp around a large airfield. Natives were prohibited from
entering the military area. Effective mosquito control measures were carried
out in the camp area. Only rare cases of filariasis developed in the men in
this camp, aud these infections probubly were not acquired in the cminp area.
Abont 10 percent of the island garrison were stationed at defense positions in
the town of Apin and at outlying radar posts. These troops were located
near natives, nnd a number of the personnel acquired filariasis.

The troops on Funafuti escaped filariasis due, in part and indirectly, to
aerinl attncks by the Japanese. The island was bombed by the Japauese
severnl times soon after the first American troops arrived. The natives were
moved to another island 8 miles away for their sufety. Subsequently, there
was an ontbreak of dengue fever. In order to control this disease, a mosjuito
control program was undertnken. Later, when the island was surveyed, not
a single A. scutelluris mosquito wns found.*®

In March 1944, Maj. James I. Knott, MC, was assigned to investigate
filariasis in the Pacific and to make recommendations in regard tv prevention
and dingnosis and to management of coses already contrncted. Ile submitted
a series of reports, which inclnded a review of the filarinsis problem in the
Samoan area and survey data on filnriasis aniong native reservoirs of infee-
tion on many Pacific islands.*?

P'revention of filariasis was not limited to the prevention of new infec-
tions. .\ wise precantion was tnken to mininmize the possibility of the develop-
ment of complications which might result from exposnre to infection over n
long period of time. Tropical diseases, such us filnriasis, which are liable to
exacerbation or serions aggravation npon reinfection were designated as dis-
qualifying defects for duty in tropical areas ** and later for any oversea area.’

The disputeh of prisoners of war from Pacific islands where filariasis is
beavily endemic to Hawnii and to continental United States raised the question
of the possible hazard of introduction of the disease into these nenendemic
nreas. Between June 1945 and the cessation of hostilities in August 1945, over
4.000 prisoners of war fromi Okinawa were received in the Hawaiian Islands.
Microfilaria were fonnd in 16 pervent of the prisoners.> It was promptly
recomiended that any Okinnwan prisoners of war who had reached or who
might reach those arens be retnrned to one of the islands of the western Pacific

1 Kee footnnte 2, . 835

¥ Ree Dotnote 2, p. 63

W (1) Nee foutaate 2. p. 83 (21 Report oa Fllarianls Baneroftl in the Military Forces In the
Pacific Area, 10 Aug. 1945, by Maj. Jamen I Kuntt, MC. (3) Report un Fllarianla Bancrofll In the
Marshall Islands ' Report of a Vislt tn Kwnjalela Atoll. 24 Ang. to R Sept 1944). by Maj. James 1.
Knott. MC. 1 4) Report on Filariaals Bancroftl na the Solomon and New Hebrides lslanda, 2 Dec.
1944, by Maj. Sxmen L Knatt, MC. (3) Report «n Filariasis Bancrofti in New Caleduala aad the
Loyalty Inlands, 12 Dec. 1944, hy Mnj. Jnmen 1. Knatt, MC. (d) Report on Fllarianln In Queeanland,
18 Dee. 1944, by Maj. James 1. Knott, MC.

% War Department Clervinr No. 188, 21 Ang. 1943,

¥ War Department Clecular Noo 2830 11 Nev, 19458

* Mstory «f I'reventlce Mediclue. lleadguarters. ' 8. Army Forees. Middle Pacific. ch. 54.
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or to islands which are relutively uninhabited and where introduction cf the
disense wonld be of small consequence.*

The existence of numerous potential mosquito vectors of W, bancrofti in
the contiuental United States and in Hawaii has been demoustrated by many
investigators.”> However, there appeared to be little reason to fear the estab-
lishmeut of filariasis in the United States by reason of retnming servicemen,®
The Army has maintained a followup of men infected with filaviasis to deter-
mine whether nny appreciable number would show microfilariae in the blood
at a later date. Microfilurine have been found in the peripherul blood iu only
a very few of the infected veterans. At one time, filavinsis wns frequently
encountered in the United States, having been imported witl: slaves from
West Africa. However, the disease wns unable to perpetuate itself in this
country and disnppeared spontaneously abont 1925. This experience coincides
with a similur episode in Queensland, Australia, where the disease was iniro-
duced by infected laborers fromn some Pacific islands and from China. From
the past history of filariasis in the United States and in Australia, one cun
predict that filariasis will not become endenic in this country despite thie veturn
of infected military personnel from overseas.

DEVELOPMENTS IN FILARIASIS CONTROL DURING WORLD
WAR 11

A valuable thongh expensive lessou in preventive medicine can be gnined
from the military experience with filariasis bancrofti in World War II. New
medical weapons for the prevention and control of filariasis have been
developed. Use of the lessons derived from the epidemic of filariasis in troops
and of the new developments of value for the prevention and control of tlhe
disease should militate agninst a repetition of the past military experience with
filariasis banerofti.

%t Letter, Col. Arthur B. Welah, MC, Headquarters, U.B. Army Forces. Middie Paclfic. to The
Surgeon General, U.8, Army, 3t July 1943, subject : Fllarlasia In Okinawan Prisoners of War. Firat
Indorsement thereto, dated 14 Ang. 1945.

2(1) Newton. W. L., Wright, W. H., said I'ratt, ).: Experimenta ta Determine Potential Monqulto
Veetors of Wuchereria bancrofti In the Continental Unlted States. Am. J. Trop. Mcd. 25: 253-261.
May 1943. (2) Beott, O. K., Richards, C. 8, and Beaman, E. A, : Experimental Infectioa of Southern
California Mosqultoes With Wuckereria dsncrafti. J. Parasitol. 31: 195-197, June 1945. (3)
Newton, W. L., and Pratt, 1.: Experimenta to Determine Potential Mosquito Vectors of Wuckereria
dencrofti In the Continental Unlted States. Am. J. Trop. Med. 26: 699-706. feptember 1946,  (4)
Nelson, E. C.. Webb, J. E.. Bayllus, M., and Starkey, G. 8.: Btudles of Filariarls: Dlevelopment of
Wuchereria bdencrefti 1a Ouics guinguefascisius of Oabn. Am. J. Trop. Med. 26: T07-713, Beptem-
ber 1948, (3) Eyles, ). E, and Most, 11.: Infeectlvity of Pacific Island Wuchercria bdaacrefti to
Monqnitoes of the United States. Am. J. Trop. Med. 27 : 211-220, March 1847,

(1) Coggeshall, L. T.: Filariasia In the Servicemaa : Retrospect and Prospect. J AMA. 131:
8-12, May 1948, (2) McCoy, O. R.: Fllarlasin in Mllitary Personnel. Trop. Med. Newn 3 (No. 29
4-8, Aprll 1948. (3) MeCoy. O. R.: Public Health 1lmplications of Tropical aad imparted Diveanes ;
1mported Malaria. Am. J. Pub. Health 34: 15-19, Jaauary 1944. (4) McCouy. O. R : Precauntions
by the Army to Prevent the latroductioa of Tropleal Diseasea. Am. J. Trop. Med. 26: 251 338,
May 1948. (5) Browa, H. W.: Current Problema la Filariasla. Am. J. Pub. H alth 35: 607 6113,
June 19405.
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Segregntion of troops from natives is of extveme importance to avoid
transmission of the disease to military persomnel. Control of the mosquito
vectors, which may differ in various areas in regnrd to species and to breeding,
resting, and feeding habits, is requisite. Mosquito control measures si:ould be
directed not only at the destruction of adult mosquitoes but also at the elimina-
tion of breeding sites of the agmtic stuges. New insecticides, inclnding DDT,
which bave residual action against adult mosquitoes, have improved the means
for mosquito control.** TField studies of the effect of DDT residual house
spraying have been conducted in one endemic aren of filariasis where Cules
quinquefasciatus was the vector. The spraying program resited i a redue-
tion in the number of mosquitoes, a decrensed filarial imfection rate of the
insect vector and a fall in both the incidence of microfilaria-positives and the
number of microfilariae per case in the DDT-sprayed nrea.®* Nwumerous U.S.
Army medical publications concerning the use of DIYT have heen published for
gnidance of all concerned with disease vector control**  Tmproved mosqnito
repellents afford more effective protection of troops against the bites of mos-
qnitoes.* Individual nerosol insecticide dispensers and mobile aerosol geaer-
ators should facilitate the destruction of adult mosquito vectors and increase
the protection of troops from filarial infection. \dequute screening, use of bed
nets, and wearing of full-length clothing are of obvious value,

Recent evidence has been presented which mdicates that transmission of
filariasis in Amertcan Sawoa may be primarily in the buslhy, along the trails, and
in the plantations. The possible role of these types of environments in otker
Pacific islands, where this same infection and same mosquito vector oceur,
should be considered in relation to prevention und control of this disease.

The discovery that Hetrazan (diethylcarbamazine) causes a reduction or
complete disappearance of microfilarine from peripheral blood may offer a
valuable new approach to the control of filariasis.?* Field trials of Hetrazan
for the control of filariasis have shown that significant reduction in total micro-

%#(1) Andrews. J. M.. and Slmmona, 8. W.: Developments In the Use of the Newer Orgaule
insecticldes of Public ilealth Importance. Am. J. Pnb. Health 38 : 613-631, May 1948. (2) Andrews,
J. M.: Advancing "rontlers In 1nsect Vector Control. Am. J. Pubh. H-slth 40: 409416, April 1930,
(3) Hllnmrn, E. I1.: Publlc Health 1nterests In 1nsecticides, Repellents. Rodenticides and Herhicides.
Proc. 8outh. Branch, Am. Pub. Health A, pp. 9-17, Aprll U9,

%(1) Kobler. C. E.: Fllariasia Control hy DDT Resldual House Spraylng. Balnt Crolx, Virgin
1slands ; 1. Operntional Aspecta. Puh. Health Rep. 64: 857-862, July 1949. (2) Brown, H. W, and
Wiillams K. W.: Fllariaslx Control by DDT Revidual llouse Spraylng, 8t. Crulx, Virgin island«; 11
Rexults. 1'ub. Health Rep. 64 : Ra3 875, Inly 1949.

%(1) War Department Technleal Bulletin (TB MED) 142, February 1943. (2) War Depart
ment Technleal Bulletin (TB MED) 110, 25 Oct. 1944, (3) War Department Technlcal Bulletin
(TR MED) 184, 17T Aug L43. (4) War Department Technlecal Bulletln (TB MED) 14, 3 Mar.
19044. (%) War Department Technical Balletln (TB MED) 164, June 1945, (8) War Department
Technleal Rulletin (TR MED) 1%2, July 1945,

2 Kolpllng, E. F., and Dove, W. E.: Recent Investigationa of Insecticides and Repellents for
the Armed Forces. Bull. War Med. 5: 776, Auguat 1843,

» fantlago-Stevenson, D.. Ollver-Gonzdlea, J.. and Hewitt, R. 1.: Treatment of Fl'ariaals Ban-
croftl With 1-Diethylcarbamnyl-4-Methylpiperazine Hydrochloride (“Hetrazan”). J.AM.A, 135: TO&-
712, November 1947.
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filaremia and of microfilaria-positives follows the use of the drug® As a
result of therapy, the rate of infected mosquitoes was drastically reduced. Use
of Hetrazan may prove to be an extremely valuable adjunct measure for the
prevention and control of filariasis buncrofti. Treatment of infected natives
which would constitute a reservoir and potential source of infection for troops

may now be considered as a possible means of reducing transmission of fila-
riasis bancrofti.

»(1) Hewltt, R., Kenney, M., Chan, A, and Mohamed, H.: Follow.up Observations on thre
Treatment of Bancroftisn Filariasis With Hetrazan In British Gulana. Am. J. Trop. Med. 30 : 217-237,
March 150, (2) Hewltt, R. 1., White, E., Hewitt, D. B.,, Hardy, §. M., Wallace, W. 8., and Andase,
R.: Th¢ First Year's Results of a Mass Treatment Program With Hetrasan for the Control of
Bancroftian Filariasla on 8t. Croix, Amerlcan Virgin Ialanda, Am. J. Trop. Med, 30: 443452,
May 1950. (3) Maldonado, J. F., Morales, F, J,, Herrers, F. V., and Thlllet, C, J.: The Role of
Hetrazan In the Control of Filariasis Bancroftl. Puerto Rico J. Pub, Health & Trop. Meds. 25:
201-299, March 19350,



CHAPTER VI

Leishmaniasis
Henry E. Meleney, M.D.

The two general types of leishmaniasis, cutaneous and visceral, are entirely
different clinically, and somewhat different in geographic distribution, Their
occurrence in the U.S. Armed Forces during World War II is, therefore, pre-
sented separately.

CUTANEOUS LEISHMANIASIS

Cutaneous leishmaniasis includes two main clinical forms: Oriental sore,
caused by Leishmania tropica and occurring in the Old World, and the mucocu-
taneous form caused by Leishmania braziliensis and occurring in tropical
America. The two forms are not tabulated separately in the tables which
follow. but it can be assumed for practical purpcses that only those cases
admitted to installations in Latin America were the mucocutaneous form.

Table 16 presents the recorded incidence of cutaneous leishmaniasis among
U.S. Amy active-duty personnel by theater and year of admission, 194245,
based on sample tabulations of individual medical records by the Medical
Statistics Division, Office of The Surgeon General. It includes only inpatients

TABLE 18.—Inctdence of cutaneous leishmaniasis (including mucocutaneous) among U.S. Army
active-duty personnel, by theater or area and year, 1942-46

[ Preliminary data based on sample tabulations of Individual medica] records)
[ Rate expressed as number of cases per annum per 1,000 average strength]

194245 1944 M5
Theater or area oL EE T -
Number | Rate Number | Rate | Number | Rate
of cases of cases of cases
— ! - JAPSS S P
; ‘
Contlnental United Stales . . n!uml...... - olo.ml -;l 0.00
Overseas: l | I
Europe... ... ..c...... 2 ]o.oo 10| 001 10! 0.00
Mediterranean ! 151 .01 0] .02 5. .0
Middle East .| > 21l 52372 B ..
Chins-Barms-Indta.. . ! 12| .03 ul o7y °
Southwest Pacific.. . » ;| ... % 08| ... o
Centralsnd South Facifc. | % | o' TR A 0
North Amerieat......_.. . |o e ‘o e
Latin Americs.—........ . ol e 3| .03 )
T, - —_— T
Total overseas. ...... . oslen ! 3 0 2 | nos 0 ow
ces . T3 TS s T =. = " a3 ;-‘_-'_I=;‘=.’f -
Total APy .ececeennae. ... a oe, 26 | 0.04 B 00
i

! Includes North Africn.
2 Includes Alaska and leeland.

Norz,—Absolute sero is indicated by sero in the units column. 0.00 indicates a rate of more than acro but lees than
0.008.

T18-751—&4——7
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and is, therefore, an nnderestimate, becanse most cases, at least in the Middle
East theater, were trented as outpatients. This will be presented in detail in
this chiapter. Cases were recorded from all theaters of operations except North
America outside the United States. Since cutaneous leishmaniasis is not known
to be endemic in the Southwest Pacific or Central and South Pacific Areas,
cases recorded from those arens either were acquired elsewhere or were
erroneously diagnosed. The accuracy of the duta from other theater: may ulso
liave been affected by troop movements, long incubation periods, and the difii-
culty of diagnosis under military conditions.

Table 16, presenting statistics based on hospital records (WD, MD Form
86ab), shows only 437 cases of cutaneous leishmmniasis occurring in U.S. Ar.ay
personnel in all theaters and areas during the period 1%12-45, and shows that
the largest number of cnses occurred in the Middle East theater of operations.
As stated in the preceding paragraph, these figures are known to be far too low.
-\ more accurate indication of the total number of cuses and their predominant
concentration in the Middle East theater are given in table 17 which is taken
from the Essential Technical Medical Data, Persian Gulf Command, for De-
cember 1944, dated 19 January 1945, The explination of the manner in which
these statistics were collected is, in the words of the chief of the Medicol Branch
of the Persian Gulf Command, as follows:

Leishmaniasis.— Eariy In the month It was noted that the reporicd cases of this dlsease
on the Statistlcai Health Report Form 8Gab were too low In comparison to th¢ number
of cuses that were being treated In the Ahvilz area. Investigation revealed that manj
cases were belng treated on an outpatlent status and were not being carded for record
oniy so tiint they would be pleked up on the 86ab. instructions were immediately lusued
that aif of these cases so {reatedi would be carrled and reported. In addition, all medicai
Instaiiations were to check thelr outpatlent records and submit to this office a report by
months of cases so treated but not previously reported. These reports have been rerelved

and consolidated in this office and the foliowing tabie [tabie 17] lists the totai cases of
this disease slnce October 1943:

TABLE 17.—Incidence of cutaneous lrixhmaniasiz, Persian Gulf Command, by month, Oclober
1943~December 1944
[Rate expresard as number of cases wr annum per 1,000 average strength)

Month and year Number of Rate ") Month and year Number of Rate
cases il canes
!
1943 l‘ 1943—Continued I :
October. ... __ I, L £ T l 4
November.. . I 237 105 . July... el 4 i2 5
December__._ ... ..| 235 83| Augmst.. . .. 6 1
' September. com - 26 9
1044 . October_ .. _. - a5 12
January.. . . i58 | 70 ' November.. .. . 26 12
February _ - 2 32 . December. _. e 41 15
March. . A 24 8 -
April__ e T 4 Total. __ o 888 [ __.__..
May..... ... . .. 2 || ........ |
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The peak rates in November aud Decemnber 1943 und Jannary 194 ocenrred
from 2 to 3 months after the end of the season in which theve was the greatest
abundance of sandflies (Phlebotomus).t It was believed that most of the cases
had been contracted in the vicinity of Ahviz, a town on the Kiariin River near
the head of the Persian Gulf. The acenrvacy of dingnosis of these cases is as-
sured by the report of Ball and Ryan ® on 499 cases at the 113th General Hos-
pital, in all of which Leishmania were demonstrated in stained smears from
lesions. .\l except two of these cases were in U.S. Army personnel.  All except
27 w re treated as outpatients. Ball and Ryan ealeulated that the incubation
period varied from 10 days to 6 weeks. Becanse some of their cases had proved
lesions withiu 3 days after arrival and had spent about a menth in India and
10 days in travsit, they assumed that these cases had originated in India. The
mmber of lesions per patient varied fromn 1 to 29 with an average of 4.3. Since
soldiers often slept naked, lesions occurred on all parts of the body including
‘ingers, toes, and penis.

VISCERAL LEISHMANIASIS (KALA-AZAR)

Table 18 presents the incidence of kala-azar among U.S. Avmy active-
duty persounel by theater and year of admission, 194245, based on sample
tabulations of individual inpatient medical records. The data are probably
fairly aceurate since kala-azar is a severe clinical disease requiring hospitaliza-
tion. A1l of the known cases acquired the infection either in the westevn Med-
iterranean area or in India, in or near Calcutta. Most. and Lavietes ® reviewed
30 of these cases which received treatment or follownp examinations at Moore
General Hospital, Swannanon, N.C. Of these, 15 had originated in India and
15 in the Mediterranean theater. Of the latter, 14 had served in North Africa
and Italy, ov in North Africa, Italy, aid Sicily long enongh before the onset
of symptoms to have acquired the infection in any one of these areas. One
case was apparently contrncted at Nice. In other cases, the men had slept in
huts or trucks in or near native villages in North Africa. Among the cases
from india, two occurred in ofticers who had shared an apartment in Caleutta,
and three others in a company Juartered nt an airbase on the outskiris of
Calcutta.

The shortest known incubation period recorded by Most and La ietes was
12 weeks, and the longest was in a veterun who left the Mediterranean endemic
area 19 months before the onset of symptoms. .\ considerable number of
patients did not develop symptoms until after they had left the endemic area,
and a few not until after they had been discharged from military service. In
two cases which resisted all forms of chemothernpy. splenectomy was per-

" Monthly Sanitary Report. 1'erslan Guif Command. 4 Jan. .944.
*Ball. D, and Ryan. R C.: Cutanevun Leishmanlasis. Bull, U.S. Army M. Dept. 79: 65 73,
August 1944,

3 \ost, 11., and Lavietes. I. I.: Kala-Azar In American Mllltary Perscnnel: Report of 30 Canes.
Medic! e 26: 211-284, Seplember 1947,
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TaBLE 18,—Incidence of visceral leishmaniasis among U.S. Army active-duly personnel,
by thealer or area and yeer, 1948-46

[Preliminary data based on sample tahulations of indlvidual raedical records)
|Rate expressed as number of cases per annutn per 1,000 average strength]

1042451 1984 ' 1945
Theater or area |
Number Number Number
of cases Rate of cases Rate of cases Rate
Continental United States___ . _..._._._. 11 l 0. 00 5] 0.00 5| 0.00
Overseas: |
China-Burma-India . - 34 0 0.08 910.05 25 0.11
Mediterrancan?. . ... .. e 13, .01 81 .01 5 .01
Middle East ___ _ . ! 1 .01 1 02 L. 0
Central and South Pacific.. ... . 11000 11000]........ 0
Other ... .. . .. (RS L) I | PR [ A 0
Total overseas... ..... ... . 49 | 0. 00 19 | 0.00 30| 0.01
Total Army_. e iaaan 60 | 0. 00 24 1 0. 00 35| 0.00

1 Only one case of visceral Jeishmanjasis was reported during 194243; the case was admitted {n continental United
States in 1942,
1Includes North Africa.

Note —Abeolute zero is indicated by zero in the units column; 0.00 indicates a rate of more than sero but less taan
0.008.

formed. One of the patients * was in good health after splenectomy ‘ithout
further chemotherapy. The other patient died 13 months after splenectomy,
which was 5 years and 3 months after the initial diagnosis, with repeated
courses of chemotherapy.® ZLeishmania were still demonstr.ible in the organs at
autopsy. All other known cases apparently were cured after one or more
courses of chemotherapy.

TRANSMISSION

The vectors of Leishmania are known to be various species of the sandfly
Phlebotonus. Phlebotomus papatasii has been incriminated in the transmission
of oriental sore in the Middle East and Phlebotomus argentipes in the trans-
mission of kala-azar in India. Epidemic'logical and entomological ~tudies by
Hertig and others, during World War 1X, showed that P. papatasii was con-
stantly associated with outbreaks of sandfly fever amongst U.S. Army troops
in the Middle East and in Sicily, and, at the same time, experimental studies

<« Burchenal, J. H., Bowers, R. F.,, and Haedicke, T. A.: Visceral Leishmanlasis Complicaled by
Severe Anemia -1lmprovement Foliowing Rplenectomy. Am. J. Trop. Mel. 27. 699-T709, November
1947.

" Personal communleation, Harry Mus M.D., Professor of Preventive sfedicine, New York Unl-
versity Coll‘ge of Medicine, to Henry E. ).eleney, M.D.,, Research Professor of “fedlcine, Loulsiana
State Unlversity, Sebool of Medieine, 22 vi.:. 1953,
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by Sabin and associates proved that I°. papatasii was capable of trancmiiting
the virus, while certain mosquitoes were unable to do so. (See pp. 119, 121 and
pp. 142, 148.)

Reservoir hosts probably play an important part in mainteining Leish-
mania infections in certain areas, wild rodents for oriental sare in the Middle
East, and dogs for kala-azar in the Mediterranean region.

PREVENTIVE MEASURES

No special measures of control were employed against leishmaniasis,
although measures taken against sandfly fever, which was very prevalent in
the Persian Gnlf Command, were undonbtedly effective in the prevention of
leishmaniasis. These measures consisted of the use of the sandfly net (30
meshes to the linear inch), insect repellent (Rutgers 612 (2-ethyl-1,
3-hexanediol ), dimethyl phthalate, and Indalone (butopyronoxyl), or a mixture
of the three), pyrethrum sprays, the Freon-pyrethrum Aerosol, and, beginning
in 1944, residual spraying with DDT. It is probable that the use of these
neasnres was responsible for the lower incidence of oriental sore in the Persian
Gulf Comniand during the last few months of 1944,

Hertig made experimental studies of Phlebotomus control with residual
DDT, first with Fairchild ® in Peru in 1943-44 and later with Fisher? in
Italy and Palestine. It was found that, because the F?hlebotomus flies in short
hops with long panses. it was possible to protect inhabitants of bnildings by
spraying the insides of rooms, all openings, and the ouier walls for a foot or
two around the openings. Results of experiments in tents, though incomplete,
indicated comparable results. Area cantrol within a radius of 100 to 200 yards
of habitations was obtained by spraying structnres such as loose-lnid stane
walls, which serve as breeding or resting places, and places where Phlebotomus
would alight in flying toward a blood meal.

A survey by Hertig® in Greece, Crete, and Italy in 1949 indicated that
residual DDT spraying for the control of malaria had reduced 2’Alebotomus
tremendously.

The ease with which Phlebotomus can be prevented from biting man in
permanent installations by residual DDT should make this procedure the
principal means of protection against this insect in future military operations.
Application of DDT on 18-mesh bed nets should obviate the necessity for the
special sandfly net. Insect repellents will still be useful where other nieasures
are unavailable,

¢ Hertig. M_, and Falrehild, G. B. : The Coatrol of /’Alebelomua In Pern With DDT, Am. J. Trop.
Med. 28: 207-230, March 184R.

" Hertig, M.. and Fisder. R. A.: Control of Sandfiles With DDT. Bull. U.R. Army M. Dept. 88:
97-101, May 1945,

S Hertlg, M.: Phlebotomus and Residual DDT in Greece and Italy., Am. J. Trop. Med, 29
773-809, Beptember 1949



CHAPTER VII

Plague

KarlF. Meyer, M.D., and Oliver R. McCoy, M.D.

The history of plague calls attention to the unpleasant truth that for
centuries the waging of wars has contributed to its rise and spread. The
plague of Moscow in 1771 was directly related to the return of Russian troops
infected by Turkish prisoners of war as early as 1769. At the beginning of
the 19th century, plague still lingered in the Levant, and Egyptian troop
movements imported it in 1820 into Greece.

During the wars of the past 50 years, however, plague has played a
negligible role. It did not occur among U.S. Army personnel during World
War I, even though plague infected civil populations in the vicinity of troops
in the Azores, Africa, and the Middle and Far East. There were, however,
in the British Middle East Force,' 26 cases of bubonic plague with 5 deaths (19.2
percent) involving 12 Indians, 6 East African natives, 5 British, 1 Italian,
1 % Cape colonred,” and 1 European Jew,

PREVENTIVE AND CONTROL MEASURES

Military operations took American troope to regions where the risk of
plague was extensive and constant. They encountered both the endemic and the
epidemic form. The extent of plague in areas occupied by military personnel
wil! be described in general terms, and the procedures of control will be biiefly
outlined,

An energetic attack on plague in the civilian populations of the areas where
the soldiers were compelled to live was adopted as a general policy. Army
medical officers were able to spply new methods of control made possible by
discoveries in allied fields during the war. Traditional plague control directed
against the animal reservoir, the rat, by energetic trapping, poisoning, elimina-
tion of their breeding places, and curtailment of their focd supply, was grad-
vally displaced by flea disinfestation of premises and persons with the insecti-
cide DDT. The Preventive Medicine Service, Office of The Surgeon General,
made its greatest contribution to the control of plague by applying for the
first time this new spproach.

$Nackay-Dick, J.: Brief Report ou 36 Cases of Bubenic Plague With Rewults of Treatmeat.
J. Rey. Army M. Corpe 85: 103108, Septomber 1943,
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Zone of Interior

Periodic exacerbations of endemic rat plague in 1943 and 1944 in the port
of Tacoma, Wash., offered a chance for the spread of infection. The p=rma-
nent endemic of sylvatic plague in the aren of the Ninth Service Command
was recognized as another possible source of danger to troops. Rodent
control nieasures carried out in close cooperation with the U.S. I'ublic Health
Service and the health departments of the various States minimized these
potential hazards. Field studies conducted by the staff of the George Williams
Hooper Foundation, San Francisco, Calif., incident to these control measures
led to valuable ecologic observations. It is not generally known that pools
of fleas and organs of rats (Raftus norvegicus) were systematically tested,
particularly in the western seaports, and that latent plague was discovered
in these specimens in the City of San Francisco, Oakland, and near Richmond,
Calif. (1943), and Tacoma, Wash, (1942—44). Ectoparasites or tissues from
rodents at Fort Cronkhite, Camp Mendell, and Fort Baker, Marin County,
Calif. (1942), at Fort Ord, Calif., and the Hunter Liggett Military Reserva-
tion, south of Salinas, Calif., and near Gowen Field, Idaho, carried the plague
bacillus. Extensive wild rodent surveys conducted by the California Stats
Department of Public Health during 1942 demonstrated new pockets of syl-
vatic plague in counties not previously known to be infected and frequently
located in the vicinity of airfields or ammunition storage places. New foci of
wild rodent plague, rodent hosts, and flea vectors were uncovered by the Plague
Suppressive Service of the U.S. Public Health Service in Montana, Wyoming,
Colorado, North Dakota, and New Mexico. Intensive and thorough traditional
control measures through poisoning as a rule reduced the rodent population
toa low level and greatly diminished the risk of infection.

The incidental observation was made that in followup studies at Foit
Cronkhite during October 1942 latent tularemin infection was discovered in
rats (R. norregicus), harvest mice (Alicrotus ealifornicus), and field mice
(Peromyscus maniculatus). Although the rodents were present in casemates,
clinical infections in man were not evident. This apparent low communi-
cability is of interest in view of the report on tularemia among German troops
during the siege of Stalingrad.*

The Fort Ord epizootic sylvatic plague area yielded many pools of in fected
fleas and diseased squirrels. In 1942, burrows were thoroughly treated with
carbonbisulfide, thallium-coated grain, and zinc phosphite poison. In addition
to this, the ares was freed of aquirrels by shooiing during a period of 8 months.
Through splendid cooperation with the military authcrities, the California
State Department of Public Health and the George Williams Hooper Founda-

o BogendOrter, L., Saleek, W.. and Kairies, H.: Uber das Aufreten voa Tularimbeark ng
an der Ostfroat. Dewt. Mildirast. 7: 000-878, November 1842. (2) Gaede, D, and Kairfes, A.:
Uutersuchungen sur Epldemiclegie und Diagnestikx der Tularimie. Deut. Mflthrarst §: 30-39,
Jausary 1948, (3) Schmidt, B.: Der Kiabruch der Tularimie In Europu. Zteehr. £. Hyg. u.
Infektionskr. 127:139-130, ¢ Jau. 104T.
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tion were able to make detailed ecologic siudies and record relevant useful
observations.

TDuring March 1943, plague was mnexpectedly discovered in harvest mice
(M. californicus). These rodents had apparently taken over the function of
the reservoir hosts and thus inaintained the infection while the squirrels hiber-
nated. Similur ecologic adjustments incidental to the eradicative measures
directed primarily against the squirrel (Citellus brecheyi) were encountered
at the Hunter Liggett Military Reservation and other arens in California.

In September and October 1042, Pasteurelia pestis was found in fleas
collected from rats trapped on the waterfront of Tacoma. Vigorous orthodox
control measures were instituted by the U.S. Public Health Service agninst
a heavy rat population, and plague was found in rats in that area for the last
time in this epizootic in May 1943 However, after nearly a year and a half
of testing, during which specimens were not positive, infection was agnin
reported in October 1944 in fleas and subsequently in tissues from rats and
mice.* The last reported positive specimens were collected in December 1944,

Although the exact origin of rodent plague in Tacoma has not been
determined, inductive evidence strongly incriminated grain shipments from
localities of eastern Washington known to be foci of sylvatic plague. The
original positive specimens were taken from an area heavily infested with
rats, where railway cars filled with grain were unlonded.* The transfer of
plague from forest rodents to those that inhabit man’s living areas has recently
been definitely proved.®

Finally, toward the end of World War II, vessels coming into New York
from foreign ports were heavily infested with rats.” The usual vigilance over
rat infestation in war zones, which had banished shipborne plague between
1935 and 1940, had apparently been dangerously relaxed. Although it was
suspected that the French steamship Wyoming from Casablanca, French Mo-
roceo, carried an infected rat in January 1943, the infection did not spread to
American ports throngh this channel. Proof was never established that the
rat was infected,

Study and coutrol measures in the United States, then, were carried out
cither cooperatively or independently by the Army, the U.S. Public Health
Service, various State departments of health, and the George Williams Hooper
Foundation. Control measures to protect military personnel against plague,
beyond the customary precautions in seaports and epizootic areas, centered in

SHundley, 3. M., and Nasi, K. W.: Anti-plague Measures I1a Tacoma, Wash. Pub, Health Rep.
80 : 13391218, 22 Sept. 1944.

¢ Hampten, B. C.: Plague Infection Reported In the United Staten During 1944 nnd NSummary of
Humana Cases, 1900—44. Pub. Health Rep. 00 1561-19¢8, 1¢ Xov, 19485,

3 Roe foatuete 4.

S Meyer, K. 7., and Heldenrind, R.: Rodeats and Vieas In & Plague Eplsostic In s Rural Aren of
Califernia. Puerto Rics J. Pub. Health 24 : 201-200, Mareh 1949,

1(1) Olessn, R.: Increase of Rat Infestation ea Vessels Coming te New York. Pub. Health Rep.
60: 1295-1296, 2 Nov. 1945. (2) Oleaen, R, and Stene, J. L.: Increass of Rat Infestation o Ol
Tankers. Pub. Health Rep. 60: 12041301, 2 Nev. 1943,
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the destruction of rodents in and around military bases in the West. The
threat of plague originating in the United States, certainly of no great military
significance during the war, was in all probability reduced by vigilance and
by decreasing the number of rodents in inhabited areas,

Hawaii

During 1943, 1944, and 1945, human plague was, after a silent period of 3
years, again reported from the Hamakus District on the Island of Hawaii—
seven fatal cases in 1943 and seven cases with five deaths in 1944. From May
1043 to April 1944, the flea index (Xenopsylla cheopis and Leptopsylla segnis
Schinherr) rose from 0.17 to 0.61, and infected deid rats (mostly R. kawaiien-
sis, few R. norvegicus) were found with increasing frequency; for example, 12
in February and 12 in March 1944, The personnel of the Territorial Board
of Health vigorously attacked the problem through a three-phase field pro-
gram. A total of 4,619 persons were inoculated with the Army type of plague
prophylactic. By extensive poisoning and gassing operations and community
sanitation, rat-free zones were established in and around the infected area,
while the rodent population was held at a low level in the epizootic area. Trap-
ping operations were used primarily to determine whether or not the infection
was spreading. The limited nature of the outbreak was treated expectantly
by the Armed Forces. Air Force personnel and employees who had occasion
to enter the Hamakua District had been inoculated with plague vaccine.

Azores and East Africa

In 1942, small detachments of U.S. troops exposed to old, permanently
active foci of endemic plague (16 cases in 1042 and 55 cases in 1945) in the
Azores around Ponta Delgada and in the District of San Jose were included
in protective measures taken by the British against the spread from the local
civil populations® Military personnel were restricted to the areas where rodent
control programs were in operation and were immunized with killed plague
vaccine prepared according to the method of Schiitze at the Lister Institute in
London. Similar control measures were taken in Kenya where the natives had
suffered high losses in 1941 and 1042 (781 and 764 cases, respectively). Im-
provement of conditions was rapid; only 16 cases occurred smong the natives
during 1943 and 13 during 1944, The infection was confined to the Rift
Valley and the Central Province. Although epizootics among field rodents
had been obeerved, there is no sure proof that sylvatic plague was responsible
for the outbreaks.®

SStewman, K.: Synopels of Epidemics in Rurope. V. Mediterraneen DPeninsula. Epidemiol.
Inform. Bull. 3: 493-502 Juse 1948.

SKaul, P. M.: Prevalence of Plague in the World in Recent Years. Epidemiol, & Vitul Statist.
Rep. 2: 143-1635, August 1949,
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Dakar

During 1943, there was a small outbreak of plague among natives in the
area of Dakar, French West Africa. The airport of the Air Transport Com-
mand was within the range of wandering infected rodents, a real! danger.
Rodent control measures were instituted at the base, resirictions were placed
on movements of U.S. Armny personnel in the area, and permanently assigned
personnel were inoculated with U.S. Army plague prophylactic. In addition,
aircrews whose duties required frequent trips out of the area were inoculated
with protective preparations before leaving the base.'?

In April 1944, a case of plague occurred in an arsenal guard who had
been occupying a guardpost adjacent to the crowded harbor area. Despite
the quarantine of the arsenal area and attempts at disinfestation, six addi-
tional workers in the arsenal had caught the infection by 15 May, and by the
middle of the summer, the incidence had reached alarming proportions.* The
outbreak from April to November consisted of 567 cases, 91 percent of which
were fatal. All patients, except one Syrian and three French Europeans, were
native Negroes. Rapid expansion of the population due to the war brought
about extreme congestion, and since there were no sanitary facilities, infesta-
tion with vermin, rats, and fleas was universal. Crowded housing conditions,
daily intimate contact at the markets, and visiting were conditions ideal for
transmission of the infection. It was suspected, but not conclusively proved,
that the human flea Synosternus pallidus Taschenberg was the main plague
vector, since the number of X. cheopis, the natural suspect, was quite negligible
in native huts and villages.*

International quarantine measures at the port were invoked by the French
in the form of precautions against movement of rats from ships in the harbor.
The U.S. troops in the area had been inoculated with the Army prophylactic
against the infection. By 6 June 1044, it was necossary for Army medical
officers to declare the entire city “off limits” for U.S. personnel. Americans
entering the area on essential business were required to wear protective cloth-
ing sprayed with a flea repelient. All native employees were inoculated with
the avirulent E.V. vaccine and were required to live on the post and to dust
their clothing and their homes with DDT powder. Those working at the
U.S. Army hospita]l were quartered in the compound and were required to
bathe and change clothes beform work. Homee and offices of all U.S. per-
sonnel and various contract companies were treated with DDT.

The general control measure used by the French health authorities was
disinfestation of the houses and yards of infected patients. Cresol solution

® (1) Letter, Capt. Everett W. Ryan, MC, Headquarters, Seuth Atlantic Wing, Afr Transpert
Command, to the Surgeon, U.8. Army Forces, South Atlaatic, 5 July 1943, subject : Bubsaic Plagwe
Bpidemic at Dikar. (32) Memorandum, Col. §. Bayne-Jones, MC, Acting Director, Preveative Medicine
Divisien, Ofice of the Surgeon Generunl, for Col. Paul C. Gilliland, Surgeon, Alr Transport Command,
14 Sept. 1943, subject : Plague Vaccination in Dakar and Marrakesch,

L Lewis, P, M., Buchler, M. H., and Young, T, R.: Plagwe In Dikar. Bull. U.8, Army N. Dept.
£7: 1816, April 1945,

¥ Kartman, L.: On the DDT Coutrol of Synselernus psilidus Taschenberg (Siphonapters, Puliol
dae) In DAkar, Senegal, French West Afriea. Am. J. Trop. Med. 26: 841-848, November 1948.
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to kill both infected fleas nud bacilli was sprayed fiom a firetruck carrying
a tank of the solution. Next, the house and the adjacent structures were
senled and fumigated with chloropicrin gns. Rut burrows and debris piles
were destroyed with sulfur dioxide. This prograni was supplemented by
assistance from the Americans who (sted homes and as many naiives as
possible with 10 percent DDT powder in pyrophyilite.

These focal or spot measures proved to be inadequate. The French
medical anthorities thought that a greater increase in the incidence of the
disease had been prevented, but the Americans thowght that only a cowmpre-
hensive program, eiicompassing at least all of thc native sections of the city,
could control plague.

Late in October, after some delay, an expanded program was instituted:
Médina, the native suburb was divided i:to zones and surrounded ty a cordon
of 200 to 300 gendarmes. “Qutlet stations” were established, and all persons
leaving this area were dusted with 10 perceni DDT dust. Inner cordon
blocks enabled the dusting crew to dust the remaining people house by house;
it was felt that this system covered nearly 95 percent of the population (about
125,000 persons). Simultaneously with the dusting of peaple, treatment of the
floors, lower walls, and beds of the homes, public buildings, and meeting places
with 5 percent DDT spray in kerosene was undertaken. Subeequent extensive
surveys showed that the flea population had been greatly reduced. Of 316
houses found infested uefore spraying, all but 7 werc compleiely free of fleas
2 weeks after treatment.

Entomologic observations on the lethal action vn fleas of 5-percent solu-
tion of DDT in kerosene corroborated the ficld studies at Dakar. Where this
material was sprayed on floors in concentrations of 100 mg. per square foot,
the biting activity of adult fleas was inhibited within 10 minutes. The residusl
effect of both 10 percent DDT powder and § percent DDT in kerosene applied
to floors killed fleas for 64 days.”

Further observations on the control of rat flea X. cheopis with DDT have
been reported. Rats were captured in buildings before and after they had been
dusted with DDT. The flea index was 13.6 fleas per rat before dusting. One
month after dusting it was 0.6; in two instances, it was only 0.2 and 0.5 fleas
per rat, 4 months after dusting.

The large rat population was sampled during the outbreak, and of 10,500
rats caught in wire traps by the French authorities, 3,501 were examined in the
laboratory. Infection was proved in 65 R. norvegicus and Rativs alevandri-
nus rats. Of interest is the fact that two dead cats in the area were found
to be plague infected.

The French Health Service used trapping and gassing as a part of a gen-
eral rat control program. Around American installations, the program in-
cluded poisoning of rats. The use of rat poisons in the native sections was
abandoned because of the danger to children and domestic animals. The

1 See footnote 13, p. 83,
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standard procedure in rat eampaigns in the Dakar area required that mts be
caught alive and drowned in cresol to insure destrnction of Loth fleas and rats.
The French authorities held the opinion that, if rats were poisoned in appre-
ciable numbers and their carcasses were not removed, the flers would leave the
rats and go to man as an alternative host. Consequently, the number of rats
destroyed in Dakar during the ontbreak was never very great. In the light of
this attitnde toward rat extinction, the presnmed accomplishment throngh
disinsectization assumes greater significance,

It is difficult to appraise the effectiveness of the control program in stop-
ping and confining the plague outbreak in Dakar. The seasonal decline of ihe
disease had already started prior to the dusting with DDT. The Inst two
cases of plague occurred on 22 and 25 November. This strongly suggests that
the number of infective vectors had declined naturally during October pre-
ceding the drastic control measures.

An intensive vaccination campaign, with the living attenuated strain E.V.
from Madagascar, was embarked on by the French authorities. The vaccine
was manufactured locally at the Pasteur Institute in Dakar. Over 180,000
natives and 20,000 Eurcpeans were vaccinated. In many Europeans, injection
of 1 ml. of this vaccine in the scapular region produced severe symptoms and
local reactions with tissue slough at the site of inoculation. Among those
vaccinated over a period of 15 days, about 5 percent of the total cnses, the case
fatality rate was 66 percent, in contrast to 85 percent in noninoculated natives.*

The French medical authorities, on the basis of experiences with small
groups of intimate plague contacts, expressed the view that early use of sulfa-
diagine may serve as a prophylactic measure in future outbreaks. During part
of this experience, sulfadiazine was administered in amounts of 20 gm. for
adults and 6 gm. for children over a 3-day period. Before chemoprophylaxis
was instituted, 19 contacts became i1l with plague. After its use, the disease
developed in only one.

Egypt

An outbreak of potential worldwide significance began in 1840 in Port
Said, universal port of call at the northern end of the Suex Canal.’* A few
cases of bubonic plague (1 in 1940, 12 in 1941) precipitated the usual control
mesasures of that time, including vaccination of the entire Arab population,
but their effectivencss was inevitably limited by the heavy traffic through the
port. In 1942, probably for the first time, Port Said was the victim of pneu-
monic plague (9 cases). Diagnosis of “fever of undetermined origin” and
terminal bronchopneumonia were made before the true nature of the disease was
recognised.

In November 1943, a sizable cutbreak of plagne flared up in Suez. By the
end of the year, the incidence had built up rapidly; 397 persons had plague,

1 Rotman, C. M. H.: Bubonle Plagwe in Dakar, J. Roy. Nav. M. Berv. 31:135-138, July 1948,
B Tov .ad, 8. L.: Plagwe (Bubonlc and P ie) in Port Said. J. Roy. Nav. M. Serv. 30:
28-29, Junwary 1044,
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of whom 200 died. The infection prevailed through the spring of 1844 and by
the middle of Feoruary had added another 276 victims and another 1535 deaths.
The overall case fatality rate was 66.1 percent. There were additional cases in
Port Said in April. In all, 1,581 cases were reported in the area during the
winter of 1943-44.

A\ total of 658 U.S. Army personnel and civilians were within 3 miles of
the epidemic area. They were inoculated with Army plague prophylactic, and
the area where the cases were ocenrring was declared “out of bonnds.” Civilian
workers were instructed in methods of rat poisoning with red squill and of
trapping rodents and were told how to obtain the required material. The
floors of the honses were sprayed with kerosene mixtures, Rat-breeding places
were eradicated by pouring kerosene into the hole and by cementing the open-
ings of tlis ratholes in houses.

During January, the Egyptian public health authorities cfficiently executed
the control program by isolating all contacts of patients with pnevmonic plague
and inspecting daily all contacts of patients and of persons found dead. In
February, with the decline of the ontbreak because of natural plienomena, such
as a change in wind direction from the Red Sea to the desert and 2 mean vise in
temperature above 80° F., enforcement of control measures was stopped.

On agreement with Egyptian authorities, Lt. Col. Thomas G. Ward, MC,'*
the Medical Inspector, Middle East theater, was instructed to study the out-
break. It was determined that the outbreak had been preceded by a rise in the
X. cheopis index for B. norvegicus from C.1 in October to 5.1 in November.
P. pestis was detected in rats trapped or found dead. The X. cheopis index rosc
to 13.31 in early December and maintained a level of around 10.5 during the
entire month, but declined to 3.40 during January. The X. ckeopis index curve
was remarkably correlated with the incidence enrve of cases in the outbhreak.
However, as late a8 January 1944, there was serious discussion that the epidemic
was not being caused by rat fleas because dead rats had not beer: found.

At first, the Egyptian public health authorities doubted that rat fleas cnused
the outbreak. Since they were unable to find P. pestis in the pools of fleas, they
advanced the idea that the disease was spread by the human body louse
Pediculus corporis. Lice were collected from the clothing of patients with and
without positive blood cultures and were macerated and inoculated into guines
pige. Results of examinations of many thousands of lice were entirely nega-
tive. When Kafr el Morur became infected, the U.S. Army group demonstrated
plague in 16 of 37 dead rats and proved that pools of fieas collected from these
rats carried P. pestis.

Important clinical and pathologic studies were inade. The cardiac find-
ings are particularly interesting. As a rule, in plague the heartbeats are faint
and rapid. The first sound is almost always mufiled and in many cases 2annot
be heard: in severe cases, early in the disease, it may be extremely difficult to

» Report, Lt. Col. Thomas G. Ward, NC, Medlcal Inspector, Headquarters, U.B. Army Forres in
the Middle Ea:., to the Chief Surgeon, U.B. Army Forces In the Middie East, 31 Mar. 1044, subject :
Epidemie of Plague in Sues, Egypt.
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hear the heartbeat at all. The heart may be enlayged slightly to the right.
With the rise of body temperature, the pulse becomes weak and thready, the
systolic pressure falls, and the beat is difficult to Liear. The muscle is extremely
weak, and on several occasions, death ensned immediately after some physical
exertion. The American investigators attribute these signs to the endotoxin of
P. peatis and consider the cardiac injury to be primarily responsible for the
higher death rate in patients over 45 years of age.

In 142 cases of plague which yielded positive blood cultures, no patients
recovered. Bubonic plague was complicated by pneunionia due to . pestis
in 38 cases; only 4 recovered, a death percentage of 80.5. Al 12 patients with
primary pneumonic plague in the outbreak at Suez died. In the light of reports
on meningeal plague, the finding of plague bacilli in the spinal fluid in several
cases of septicemic plague is particularly significant. Since plague results in
rapid death, the grnss pathologic findings are fow--the characteristic ones
being widespread hyperemia, few petechial hemorrhages, and softening of the
heart muscle.

Opportunity was afforded for treating 56 severely il! patients, Lacterio-
Ingically proved to have plague, with sulfadiazine. Usually, the patients were
treated in the first 5 days of the disease. Of this group, 20 died, giving a case
fatality rate of 35.7 percent. Seven of the twenty died before they had
received 24 hours of treatment with sulfadiazine. The Army medical officers
cautiously expressed the view that sulfadiazine probably has definite value
in the treatment of plague. The course of the disease in patients treated with
100.000 units of penicillin, given every 4 hours (59,600 intravenously and
50,000 intramuscularly), was not altered. The tentative conclusion was drawn
in February 1944 that penicillin is of little value; only three cuses of bubenic
plague and eight cases complicated by septicemin were treatedl.

Palestine

An outbresk of plague in the Levant area of Palestine in September 1044
developed 93 cases with 30 deaths and 38 cases with 15 deaths in 1945. This
occurrence was considered a hazard sufficient to warrant preventive inoculation
with Army prophylactic of U.S. Army personnel and declaring the area out of
bounds. Beyond increasing emphasis on sanitary procedures, additional control
measures were not employed.

North African Coast

As part of a general increase in plague along the North African Coast that
started in Ferryville in the autumn of 1944, a small outbreak of plague at Oran
in 1945 attracted attention.’* The first patient with plague was a dockworker

1t (1) Letter, Lt. Col. Samwel C. Fllis, MC, Surgeon, Headquarters, Mediterranean Base Section,
to Commanding General, Mediterrancan Base Section, 23 Jan, 1845, subject: Plague Sitwation i»
Oran. (2) Letter, Maj. Joseph W. 8till, MC, Headquarters, Mediterranean Theater of Operations,
U.8. Army, te the Surgeon, Mediterrancan Theater of Operations, U.S. Army, 31 Jan. 1048, subject:
Investigation of Paecumonic Plague In Oran,
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who ilied on 6 January 1945 of an illvess originally eonsidered influenzal
pnenmonia with onset on 29 December 1944, In rapid snevession. eight native
dockworkers in rlose nssocintion with this pmtient contracted pnenmonie plague.
Divect spreail by contact inchnled two nurses and n priest attending pntients
in the hospital. Chenmwprophylaxis, 3 gm. of sulfuthiazole dnily, was eiaployed
for 85 divect contacts who were nmintnined nnder gunrd during the period
of observation mi«l treatment. Ovly one became ill, and he recovered.

This favoruble resnlt ix pariicnlarly signifieant in that, for the first time
at Oran, the tinie-bonored, but ruther distressing methad of quarsatining the
contacts of pneumonie plagne and weeilling out those who fall ill was snpple-
mented by chemoprophylaxis. In recent year:, the value of sneh a prophy-
lactic procedure has been amply proved. Sulfadiazive or sulfaniernzine is
preferred to sulfathiazole. The optimal dose and duration of chemoprophylaxis
has nnt been established. The Oran experience suggests that Inrger doses of
snlfonamides than these employed are in all probability desirable.™*

Rodent. control was part of the preventive progrum, although rodent
plague was not found in the Oran wnthreak. Rat trapping at strategic lnca-
tions and examination of the rats for plague were instituted to iletermine the
distribution of plague, DDT in kerosene was nsed liberally in buildings and
living arens. Bedding, clothing, and persons of natives were dnsted with DDT
powder. United States military and civilian personnel were segregated from
native dockworkers. Troops were restricted to post or isolated for appropriate
incubation period before departure. Military personnel were reimmnnized
with Army vaccine, A small number of U.S. Army troops in the vicinity of
Bizerte and Fervyville, Timisin, were inoculated agningt plagne when cases
were reported in the local civil population dnring the latter part of 1944
Other control measnres, including port quarantine procednres, were effected
by the U.S. Navy aund British forces.**

In July 1045, an onthreak of plague, both bubonic and septicemic, limited
to two natives and one Evropean, appeared in Casablanca. The first patient
was a French employeo in a warehouse of the port area where dead rats had
been seen. .American soliliers and personnel of the It1lian service units were
inocnlated with U.S. Army plague prophylactic. Off limits restrictions were
enforced for those who had not been recently inoculated. Entrance to the in-
fected area was prohibited, except on essential business. By arrangement with
the French authorities, a general rodent control program was preceded by
extensive treatment with DDT powder, or DDT in kerosene was applied to
warehouses, buildings, offices, trucks, and ships. Special attention was paid
to protective clothing. These newly developed control mensures limited the
outbreak to a few cases and to a single week.?

# Pollitser, R.: Recent Trends Ia the Treatmeat and Conira) of Plagwe. Acta Trop. €: 3040,
1M9.
# fee foolnole 17, p. A7,

® Essen(ial Techuieal Medieal Data, Headyuarters, Africa-3iddle East Theater, for July 1945,
dated 11 Aug. 1943,
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Mediterranean Basin

Through rats, plagne wans reintroduced into Turanto. Ialv?' Ajaccio,
Corsicn, and the island of Tenerife in the Canary Islands during the war.

Corsica had been free of plague until 1945, when between 11 May and 13
June there were 13 cases with 10 deaths.” The island was quarantined, and
the entire popnlation was inoculated with a protective prepmration of killed
bacilli, prepared by the Pastenr Institute. Two incenlations of 1 and £ cc.,
respectively, were given at nn interval of 8 days. Many thonsands of rats
were systematically destroyed by squill and by aivenic acid anhydride, and fleas
were attacked with 5 percent DDT powder. The decline of the epidemic was
attribnted to sanitary measures and to the decrease in the number of fleas
brought about by the change in weather.

Simultanecusly with the reappearance of plague in the eastern Mediter-
ranean, in the Snez Canal, and North African ports, more than 70 cases of
human plague were reported from Malta. Obwervations made in this epidemic
clearly indicate that toward the end of the war plagne entered an expansive
phase and was checked when greater vigilance was made porsible by the ceso-
tion of hostilities.®

China

Plague control was also a problem in the China and India-Burna theaters,
and in the Pacific area, anl was given serions consideration in planning for
the occupation of Japan. The plague outbresk in Yiinnan, southwest China,»
became active in 19432 This outbreak was of mportance to the U.S. Army
becauss the infected area lay astride the Burma Road.

The Yiinnan Valley. a plague center since 1840 and even enrlier, received
the infection from Burma. Fanned by the Mochammedan rebellion of 1855, it
is believed that plague progressed slowly, but incxorably from the border region
of Yiinnan to reach eventually Canton and Hong Kong and be distributed in
1804 to every continent in the world.* It was then, as it was in 1940, that war
created s serious plague situation in Yinnan. Whiie the region appeared free
arounrd 1908 and later, plague appesred in the city of Munginan in 1940, where
a considerable epizootic broke out in February and March. A serious outbreak,
definitely attributable to importation from Burma, developed bet ween Septem-
ber and October 1943 in Lung-ch’usn. Direct and fairly frequented rowtes
connect the towns with the notorious plague center of Bhamo (map 2). Trans-
portation of rice from Lung-ch’uan in July to September led to the spread of
plague inte the Lo Pupa Valley and to Nan-tien in November 1044.

fgchals, K. H.: Contrel of Plague in Tarante, Italy, 1945-48. An ‘ceount of & Suceegsful
Pngn-edlohthtﬂ-h-ﬂu Bull, Werld Health Organ. 2: 675-088, 1900,

Letters : Epidemic of Plague In Corsica. J.AM.A. 120: $84, € Apr. 1546,
'l-mtt,l.‘. Rat Control In & Plagwe Outdreak In Malta. J. Hyg. 46: 10-18, March 1948
NUNRRA, Heslth Division. Plagwe Outbreak in Westera YRinan, China. Kpidemiol. Inform.

Ball. 1: 160-170, 28 Feb. 19485,
S Pollitser, R.: Plagwe and Plague Contrel In China. Chilavse M. J. €8: 328-313, June 1948,
# Meyer, K. F.: The Preveation of Plague In the Light of Newer Knowledge. Ann, New York
Acad. Be. 48: 420-487, 10 Apr. 17
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Plague was also active in the Provinos of Fukien during World War 11,
with an estimated 8,279 cases. The adjoining Irovince of Chekiang had 2088
cases. Both areas lie along the China Cosst abovo Hong Kong and were i
Japanese hands.

Since rats had become extrwordinarily nwmerous in the Kanai {ealled
Ying-kiang or Ying-chiang after 1033) ares, it is nol surprising that plague
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appeared in that region between February and September 1043.2 The rat
epizootics were 80 severe that occasionally several hundred dead plague-
infected rats were found in one corspound. Under these circumstances, it was
to bo expected that the human outbreaks following the epizoatic were ofien
explosive. For example, in Nan-tien in June 1944, a family of 24 was niTected
following an epizootic; 17 contracted plague, of whom 9 died. In at least
80 of a total of 300 villages, the number of victims was estimated at 2,350
and deaths, at 1,350. During 1944 and 1945, various other regions in West
Yiinnan reported sporadic cases of plague, but accurate information is not
available,

The greatest plague threat of the war to Americans came wlen U.S, troops
entered North China. In anticipaticn of difficulties, a detailed program of
control was formulated which included the desirable features of standard
procedures and all of the additional measures derived from diverse experiences
with plague by the Armed Forces in other parts of the world during the war.

In keeping with policies developed by the Preventive Medicine Service,
The Surgeon General urged medical officers of the theater to cooperate with
local and national governments to control the disease in the civil population
in order to reduce the hazard to U.S. troope® Control measures emphasized
principally a rat campaign of traditional pattern readily adaptable to these
regions. However, since the spread of plague at distance is due to transport
of infected fleas, rather than to rodents, the outbreak in Yiinnan smoldered
for over 6 years, until the susceptible reservoir had apparently been exhausted.”

In the later stages of the outbreak, a large proportion of the population
was inoculated with protective preparations containing killed plague orga-
nisms. In Nan-tien Village, 50 percent of the patients with plaguc were
stated to have been inoculated with prophylactics prepared in China.® Dur-
ing the Kanai epidemic, the value of antiplague inoculation was considered
worve than useless. Investigations disclosed that the inoculations wers often
carried out in places which already had bad a very heavy rat mortality and
human plague had already become rampant. Under these conditions, many
of the inoculated fell ill and many of them died. However, most of these
inoculated persons contracted the disease within 2 to 3 days after the first
inoculation, having no doubt already been infected before they received the
prophylactic. If, on the other hand, inoculations were given before rat infec-
tion had gained momentum, or better still before there had been any rat
mortality, subsequent severe episootics did not lead to epidemics, but at most
to sporadic instances of human plague. Statistics attest to the considerably
lower mortality among patients who had been inoculated than among those

® fice fostnobe 23, p. NO.

S latier, 12. Col. R. J. Carpeater, MC, for The Surgeea General, to Commanding General, U.8
Army Yosora, China Theater, 7 Feb. 1545, subjoct : Plague fn China.

™ See fostnete 25 p. 99.

® Polistr.-r, R, and Chen, T. H.: Memerandum on Plague in Wost Yinnaz, addressed to Dr. P. X
Kiag, Directer-Gonerul, Xationn] Health Administration in Chungking, Ching, 1945,
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who had not. Dr. Y. N. Yang's niortality figures were 14.4 percent among
those inoculated with a preparation made under his direction, agsinst 41.4
percent among the uninocnlated. Furthermore, antiplague inocnlation ex-
erted a progressively grenter influence on the therapeutic outenme as the
number of inocnlations increased. In the Kanai regions, snlfathinzole was
used prophylacticnlly, and it was reported that of the untreated 1,250 pa-
tients, ouly 100 recovered, while of the 1,000 treated, only 100 died. Only
one of 27 who suffered plagne died in Nan-tien following the prophylactic
use of snlfadiazine®* Immunization and chemotherapy were apparently re-
sponsible for the low case fatality raie of 23 deaths (22 percent} among a
total of 102 infected. These figures are significant in view of the recent con-
firmation that the mortality of the sulfonamide-treated immmiized group
was less than one-lalf of the fatality rate in the corresponding noninoculated
group.®

In view of the plans for military operutions in endemic areas along the
eastern coast of China, all troops in the China theater were inoculated against
plague early in 1945, and arrangements were made for reinoculation at 6
months’ intervals.

Personnel assigned to bases in southern India were routinely inoculated
against plague because of the endemicity of the disease in nearby villuges.
As a precautionary measure to protect troops operating along the Ledo Road,
the surgeon of Advance Section No. 3, India-Burma theater, established a
plague control organization, using specially qualified personnel from U.S.
Army medical installations located in the area. This organization consisted
of prevention and treatment teams prepared to go into action at the first
sign of a plague outbreak.

SUMMARY OF PREVENTIVE AND CONTROL MEASURES

Experience with the new insecticide DDT, developisd during the war, has
established the principle that attack on the flea is the desirable immedinte
objective in cpidemic control, with attention to the rat as a long-term con-
sideration. Preliminary observations on chemoprophylaxis as a preventive
measure were particularly significant in the epidemic of pneumoric plague at
Oran. These experiences permitted the planning and the adoption of a modern
program of plague control.

The basic principle in modern control of human plague is direct attack
on reported and recognized foci of infection, in contrast to the emphasis on
stopping spread from the areas involved chiefly by quarantine and maritime
sanitation, which are, however, still necessary measures. The essential steps
taken are described under snbsequent headinge.

% Kee footnate 30, p. 91,
® K= foothote IR, p. 88,
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Preventive Measures To Be Instituted in Advance of Known Plague

All military personnel and as many civilians as possible in endemic areas
should be inoculated with the most effective available plague prophylactic.
Protection against infestation with fleas through the use of insecticide powder
or repellents should be encouraged. Rodent survey and control programs
should be initiated by medical unit commanders, preferably in cooperation with
civilian public health agencies. The flea index of the rats should be deter-
mined. Trapped and dead rats should be examined for evidence of plague.
To assure early awareness of the presence of plague, close medical intelligence
must be maintained by unit surgeons and local military government and civilian
public health authorities.

Control of Sporadic and Endemic Plague

The recognition and early diagnosis of sporadic cases and confirmation
by specific laboratory procedures are most important. All infectious material
must be handled with greatest care and examined by experienced bacteriologists.
Concurrent and terminal disinfection should be enforced. Patients should be
isolated and strictest communicable disease techniques used. Attendants of
patients with pneumonic or suspected pneumonic plague must wear hoods with
goggles, coveralls or complete gown with trousers, and rubber gloves. Per-
sons handling bodies of those who have died of plaguc should observe strict
aseptic precautions. Contacts and suspected contacts of a patient with pneu-
monic plague should be disinfected and segregated for 7 days. Chemoprophy-
laxis for contacts is recommended—3 gm. of sulfadiazine (or sulfamerazine)
per day for 5 days.

Ares quarantine includes the enforcement of off limits regulations, traffic
patrol, and disinfestation of military personnel and civilians entering or leav-
ing an infected area. Particular attention should be paid to refugees. The
tendency of inhabitanta to flee to the country and neighboring villages must be
curbed, forcibly if necessary. Personnel departing from plague areas should
be certified free from plague infection and from vermin infestation within 48
hours of departure.

Vessels in contact with ports in plague areas should be protected against
entry of rats. Stepe should be taken to assure that cargo taken on is free from
rats. Rattrapping and poisoning should be continnous on vessels and they
should be subject to inspection and fumigation, or both, by quarantine author-
ities in ports of entry in nonplague areas.

All US. military personnel within the geners! area should receive a stimu-
lating dose of 1 ml. of plague prophylactic.

The most important control measure is directed toward the focal disin-
festation of houses and buildings where plague has occurred. Within s radius
of 100 yards from the infected house, all persons, pets, domesticated animals,
clothing, bedding, and furniture, rat runs and rat harborages should be dusted
with DDT powder. Walls, ceilings, and floors of the houses should be treated
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with DDT rexidual kerosene spray.  When rattrapping leads to the discovery
of plague in mts or of rats with a high flea index, disinfestation should be
extended and repeated. [’ersonnel engaged in plague control should apply
insect repellents to their exposed skin and clothing, including socks. Resi-
dents within or adjacent to a plague-infectad arva shonkl be disinfested
weekly with 10 percent DDT pawder. Hospitals, barracks, messhalls, and
storeroonis of military installations and the quarters, clubs, stores, and common
meeting places of foreign residents adjacent to n plague-infested area shoukl
be kept free of fleas by wse of DDT powder or residual spray.

Rodent control measures—destruction of harborages and ratproofing
measures—and rat extermination programs shonld be carvied out as a sequent
mensure to focal disinfestation. Rat extermination should include trapping,
the use of poison, and fumigation.

Natives from towns and villages where plague is occurring should be inocu-
lated agninst plagne. The number of native employees within the military
installation should be reduced to a minimum. Their quarters should be disin-
fected and each employee examined daily for fever and other evidence of

plague.
Control Measures of Plague in Epidemic Proportions

The measurea to be used do not differ in kind from those required in the
management of sporadic cases, with the exception that special case-finding teams
are required. They make special epidemiologic studies of reported and sus-
pected cases, initiate preliminary and emergency control measures, organise
house-to-house surveys with the help of civilian personnel, assurs inoculation
and disinfestation of all civilian personnel, and aid in providing adequate isola-
tion measures for patients and civilian hospitals.

Theas teams are supported by others entrusted with disinfestation and
rodent control. Local disinfestation of buildings and inhabitants, surveying
the rat and flea population, rat extermination in the infected community and
in nearby military establishments, and organization of facilities for disinfesta-
tion by dusting at roadblocks are their functions. As an emergency measure
a cordon sanitaire may be considered when plague is widely diseeminated and
provided natural barriers such as mountain ranges and rivers favor such a
protective action. All general measures to limit the spread of infection are to
he established promptly.

RESEARCH
Protective Inoculation Against Plague
The numerous attempts and experiments to perfect an immunizing prepara-
tion have been based on the oboervation that survival from clinical infection pro-
tects aguninst & second attack, or at least transforms reinfection into a milder

disease. Unfortunately, the epidemiologic and statistical records of the great
plague epidemics furnish no accurate information concerning the degree of im-
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munity enjoyed by individuals who recover from plague. This lack of depend-
able information has spurred the study of protective inoculation, which has
continuously received attention since Haffkine conducted extensive animal
experiments and tests on human beings with heat-killed broth antigen (from
1896 to 1897).

Study of the publications of the Indian Plague Commission and other
Indian Government reports, particularly the summaries by Taylor,** and by
Wayson, McMahon, and Prince,* makes it seem unqueetionable that large and
repeated doses of the Haffkine prophylactic frequently protects individuals
against plagne. However, it is equally well known that many inoculated per-
sons, including even a number of thoee who had received more than one injection
of the prophylactic, contracted the disease. By 1935, a questionnaire sent out
by the Ofice International d'Hygiéne Peblique brought the general conclusion
that there was little advantage in using antiplague antigens made from killed
micro-organisms. The value of the Haffkine prophylactic was seriously
questioned.

Research was then directed toward developing vaccines containing live
avirulent organisms, Between 1932 and 1940, Otten in Java and Girard in
Madagascar studied the benefits of this type of vaccination. But even a method
of immunization utilizing live avirulent vaccines which, in the animal experi-
ment, assures the best protection, when applied to man clearly shows its ulti-
mate limitations. The reasons are: (1) the immunity after injection is short,
offering no protection beyond 6 to 8 months; (2) one single subcutaneous vac-
cination does not protect against direct aerogenic infection ; and (8) repeatedly
revaccinated persons have died of plague contracted after natural exposure to
this infection. Irreepective of theee limitations, the Netherlands East Indies,
the French colonies, South Africa, China, and Argentina turned their atten-
tion to antiplague vaccination with live avirulent vaccine. India, Egypt, and
several other countries in the British Empire, however, favored the killed
prophylactics.

This was the state of knowledge when the Subcommittee on Tropical Dis-
eases, National Research Council Committee on Medical Research, on 22 October
1941 passad the following resolution : “Resolved that, even though the available
knowledge does not seem to sfford definite evidence of the benefits from the use
of plague vaccine, it is considered advisable to vaccinate with killed plague
bacilli of an approved strain all military or naval personnel under serious threat
of exposure to bubonic plague.”

In March 1942, the author (K F.M.) and Dr. Newton E. Wayson aub-
mitted to the National Institute of Health a brief outline which served as a
guide for the early manufacture of a formalin-killed agar-grown suspension
of plague bacilli in saline. The selection of the strain of P, pestis to be em-

= Tayler, J.: Haffkine's Plague Vaceine. Indian M. Research Mem. No. 27: 3139, Mareh 1933,
% Waysea, N, B, McMahen, M, C,, and Prinee, F. M.: Ax Eviluation of Three Plague Vacrines
Agaiast Isfection fa Guinen Pigy Induced by Natural and Artificial Methods. Pub. Hedlth Rep.
@1: 1511-1818, Octeber 1944,
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ployed, the compositian and preparation of the enlture waedinn, and the methods
for weasuring the relntive protective potency of the antigen vaceine were pro-
posed as snbjects to be investigated.

Throngh the yenrs of tedions experimesttition in senrch of a prophylactic
inoculution agninst plugne, the mnjority of workers lnd adhered to the prin-
ciple that, if it enn be shown that & preparation or fraction of £°. peatiz protects
rats und mice or guiven pigs agninst an experiotentnl infection, this is very
good presuniptive evideuce of its efficacy in Iniman beings. The early studies
on plague viecives conducted at the George Willinms Hooper Fanndation under
contrint with the Committee on Medical Resenrch, Oflice of Ncientific Research
and Development, made use of this principle, but soon found that mice inocu-
lated in two steps with 0.002 ml. of Army prophylactic resisted a challenge in-
fection with 2,000 to 4,000 virulent plague bacilli, but that 1he prophylactic
vilue was relutively little for guinea pigs. When used in the dose customary
for hunmnn imnmization (1.5 mg,=3,000 million erganisms), ouly 10 to 20
percent of the gninea pigs survived n clallenge infection with 500,000 plague
bacilli.

In the conmse of extensive protection tests, different plague antigens were
prepared from uvirulent plagne bacilli. Struius grown on agar or in liquid
were killed by heat, by chemicals (formaldehyde, acetone at —70° C., ahsolute
aleohol, potassinm sulfate, glycerol), and nitraviolet irradiation. Again, the
imminogenic potency of these antigens was high for mice and rats, but rela-
tively low for guinea pigs. The efficacy was enhanced by synergists such as
aluminum potassium sulfate (alum) or aluminum hydruxide, but uot by calciom
phosphate. In some experiments, between 80 and 100 percent of the gninea
pigs were immunized with an antigen which, in the unprecipitated stage,
conferred protection to only 10 percent af the animals. The immunogenic
potency was equally high when the antigens were incorporated in ail emnlsions,
but they produced severe inflammatory tissue changes at the site of injection.

These tests furnished convincing evidence that the degree of protection
is raised when large and repeatod doses of antigens sre injected prophylae-
tically. Furthermore, it is the actusl mass of the bacterial protein, rather
than the methad of preparing the antigen from killed baciili. that controls the
immunogenic effect.

Chemical studies on virulent plague bacilli (Yreka sirain) precipitated by
acetone cooled to —T70° C., washed until free from water, and then dried in
vacuo yielded on extraction with neutral sodium chloride solution at least two
antigens. By procipitation at 0.33 saturation of ammonium sulfate at pH 7.0,
a protein is readily obtained which crystallizes spontaneously in the form of
fine needles upon cooling a solution supersaturated at 40° C. A second protein
can be separated from the atoxic fraction. This protein contains carbohydrate,
is soluble at 025 saturation, and precipitates at 0.30 saturation. These two
atoxic proteins readily immunize mice, rats, and monkeys, but confer protection
to guinea pigs only when incorporated in a wateroil emnlsion. During the
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later part of the war, these were recognized as the most important antigens in
plague prophylaxis.®

Independently, but along similar lines, experimental work on plague
prophylactics was carried out by the Laboratory for Plague Suppressive Meas-
ures of the U.S, Public Health Service.* During these studies, one of the
workers accidentally contracted pneumonic plague, but recovered under sul-
fadiazine therapy. He had been inoculated repeatedly with Army plague
prophylactic, with and without alum >

In applying these observations to the prophylactie antiplague inoculation
of man, indirect methods of measuring the response to the plague antigen were
developed. Although the Army plague prophylactie stimulated agglutinins in
low titers in about two-thirds of the injected human beings, this immune re-
sponse was not considered significant. The protective value of the sera of the
volunteers ( Air Corps personnel and inmates at San Quentin prison) was there-
fore measured with the aid of 8 mouse-protection test.® With this relatively
crude test, conclusive evidence has been secured that antigens (prepared with
dead plague bacilli) witl proved immunogenic potency for inice and guines
pigs stimulate, in approximately 70 percent of human volunteers, the appear-
ance of weak protective antibodies. The observation that a third injection, or
booster dose, definitely increases the levels of the protective antibodies is sig-
nificant. There is distinct evidence that the prophylactic injection of killod
plague bacilli (8,000 to 12,000 million) or of Fraction I antigen (2.5 mg.) ascures
both a higher percentage and & higher level of antibody response. The serum
protective antibodies found in preliminary series of human inoculations with
avirulent living plague bacilli were of a very low order. The few tests made
furnished no conclusive evidence that avirulent living plague vaccines are
superior to killed antigens when the appearance and the degree of seruta anti-
bodies is used as & measuring rod.

These experiments indicated that the much criticized method of antiplague
inoculation which employs agar-grown killed antigens should prove effective
provided the procedure is used before an outbreak of plague is in progress.
Furthermore, the evidence is sufficiently encouraging to jus.ify repeated in-
oculation of killed antigens as a means of enhancing the degree of protection.
The immunity, though not absolute, nor even relative in some human beiugs, is
nevertheless of undoubted value, since modern chemotherapy is more effective
in the vaccinated. Prophylactic inoculations will serve as a supportive pre-
ventive measure in reducing the high case fatality rate in the course of plague
epidemica.

= See footnote 26, p. 80,

= Ree footante 34, ». 95,

= Munter, B. J.: Poeamonic Plague. Report of a Case With Recovery. J.AMA. 128: 281-283,
26 May 1948,

» Meyer, K, ¥, and Foster, L. B.: M nt of Pn ive Serum Antibodies in Human
Veluateers Inoculated With Plague Prophylactics. Stanfoed M. Bull. 8: 73-T9, February 1948,
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Chemoprophylaxis and Therapy of Plagne

The comparativs enrative efficiency of 23 sulfonamides was evalnated by in
vitro and in vivo tests. In order of their activity, the preparations are (1)
very active componnds—sulfaquinoxaline, sulfapyrazine, sul{amerazine, sulfa.
dinzine, and snlfathinzole—and (2) moderately nctive componuds—snifaceti-
mide, snlfacridine, sulfapyridine, and 4.4’-diaminodiphenylsulfone. The
highly active snlfonamides—snlfapyrazine, sulfamerazine, and snlfadiazine—
irrespective of dose, could not cure more than 30 to 40 percent of the infected
aniimals when treatment was delayed and the drugs administered at a stage
when the immunity mechanism had been dainaged by the toxemin. At any stage
of the infection and at any level of dosage, sulfadiazine praved statistically
superior to snlfathiazole.

Since antiplague sera in combination with sulfonamides donbled the effi-
eacy of each therapentic agent, the Army assigned to two pharmaceutieal com-
panies the manufacture of potent antiplague seru, prodnced with the avirnlent
A1122 strain in rabbits, Immunization was extended over 16 weeks. The sera
possessed a high agglutination and mouse-protection titer. By the application
of newer methods of fractionation and coucentration, globulin solutions with an
agglutination titer of 1:10240 and a mouse-protection nnitage of 1,600 per
milliliter were made available in a lyophilized form late in 1845, An oppor-
tunity was not nfforded to test. these sera on patients, but they served effectively
in basic stndies on the purification of the Fraction I antigen.®

In July 1944, Dr. Sehnan A. Waksman invited a study of therapeutic
properties of streptomycin in plague. The George Williams Hooper Founda-
tion proved that the antibiotic in amounts of 0.4+ mg. per milliliter is bacteri-
cidal for different strains of 2. pestin in 5 days. Advanced experimental
bubonic plague in mice was readily cured with a total of 1,200 to 1,600 ag.
The remarkable bactericidal action af streptomycin was best demonstrated in
experimental pneunonic plague in mice and guinen pigs. These prelininary
cbeervations on this most promising drug have since been fully confirmed.
Streptomycin has now been proved in the succeesful treatme.t of at least 25
cases of human pneumonic plague *°

SUMMARY AND PROPOSALS

The fact that no one in the U.S, military forces conwracted plague during
World War 11, despite potential exposure in the Mediterranean area and the
Orient, speaks of the eficiency of the cooperative measures taken by the Medical
Department of the U.S. Army and the civilian public health departments. Al-

®ieyor, K. I.: Final Ropert te UL Public Health Bervice [Jaawary—-June 1948). subject:
, Plague Vacetnes, Antl-lnfectious and Antitexic Properties of Antiplague Bera,
® (1) Quan, 8. V., Feoter, L. K, Larsen, A., and Meyer, K, F.: Streptomyein in Experimeatal
Piague. Prec. Sec. EBxper. Blol. & Med, 88: 528532, December 1947. (2) Meyer. K. F., and Quan,
8. ¥.: Plague. In Streptomycia: Nature and Praction]l Applications. Baltimere: Willlams & Wiikine
Ceo., 1949, pp. 394-407. (3) Ghooh, P. K.: An Outbresk of Plegue In an Epidemic Form Treated With
Streptomycin asd Sulfadiasine. Indlan M. Gas. 83: 441448, October 1030.
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though plague certainly presented a real threat in somne areas, demanding
consideranle effort of medical officers, i. did not interfere with military opera-
tions in any major way.

Some scientific advances made during the war brought about significant
changes in the approach to control of plague and undoubtedly faverably in-
fluenced its success. Two of these were most important: The development of
an insecticide (DDT) effective against the vector, the flea ; and the development
of agents that are useful not only for treatment, but more significant from the
epidemic standpoint, for prophylaxis. These chemical agents altered the gen-
eral plan in the following ways: The flea replaced the rat as the main target
in sanitary measures; effective chemotherapy and prophylaxis improved quar-
antine and preventive policies; and sulfonamides, particularly sulfadiazine,
were given to segregated contacts and offered them protection against the in-
fection. These measures offered the civilian population an inducement to seek
treatment, rather than to conceal cases—long a snarly problem in contiol.
Since the development uf the antibiotics, particularly streptomnycin, hope could
be offered for the first time in cases of pneumonic plague.

Contributions were made to the fundamental concepts of immunization
agninst plague through the full support and interest of the I’reventive Medi-
cine Service, Office of The Surgeon General. Antigens were studied and
purified and a prophylactic was prepared which, according to tests developed
during the war, is definitely immunogenic if administered repeatedly. Al-
though this preparation has not yet had extensive field trial, there is no reason
to doubt that it enhances the antibacterial forces in the body sufficiently to
warrant its use. Immunization has not been dimmed by chemoprophylaxis.
Prophylactics prepared in India and China that have had field trial have
lowered the attack and mortality rates, though not with any overwhelming
success. They offer the inoculated better chance for recovery when they are
treated with the sulfonamides or the antibiotics, or both, preferably early in
the course of the disease. Inoculations with plague antigens offer a practical
approach to lowering the attack rate in endemic areas.

In approuching the problem of epidemic plague as a whole, on a long-
term basis, in addition to the application of the superior control measures now
available, the U.S. Army should encourage and support research ard inquiries
into the following phases of plague control :

1. Evaluation of the newer rodenticides and insecticides, both on rats and
wild rodents, with special reference to the disinfestation of materials capable of

2. Appraisal of the therapeutic value of the newer antibiotics—Chloro-
mycetin (chloramphenicol), Aureomycin (chlorotetracycline), Terramycin
(oxytetracycline)—in the treatment of bubonic and pneumonic plague.

3. Further evaluation of the sulfonamides or the antibiotics, or both, suit-
able for oral administration in the prophylaxis against plague, particularly
the bubonic type.
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4. Inquiries into the physiology of plague intoxication and the value of
antiplague serum.

5. Comparative evaluation of the immunity offered to man by chemically
killed detoxified plague bacilli, plague antigens such as Fraction I and living
attenuated plague bacilli preserved in convenient form for extended
transportation.

In particular, the importance of the multiple, versus the one-dose, use of
prophylactics with and without adjuvants should be determined on human
volunteers by serologic and mouse-protection tests.



CHAPTER VIII

Relapsing Fever

Henry S. Fuller, M.D.

INTRODUCTION

The relapsing fevers are acuts specific infections caused by spirochetes of
the genus Borrelia, some of which are transmitted by the human body louse,
Pediculus humanus corporis, while others are transmitted by certain species
of the tick genus Ornithodoros. In a given situation, the vector is a most
important factor in determining the epidemiology of the disease. Thus, louse-
borne relapaing fever tends to be an epidemic disease whose incidence, where
seasonal, corresponds to increases in the population of human body lice and
whose mode of maintenance during interepidemic periods has not been clari-
fied. On the other hand, tickborne relapsing fever, sometimes called endemic,
occurs sporadically in human beings, with occasional large outbresks, and
is typically a place disesse related to foci where, more or less frequently,
human beings may make effective contact with infected ticks. The infection
is actusally enzootic among the ticks.

Wherever lousiness exists, epidemic relapsing fever is & problem of po-
tential military importance. Under conditions of unusual degree of contact
between susceptible troops and infected ticks, the tickhorne infection may be of
military importance, although usually to a lesser extent.

During World War I, relapsing fevers were apparently of iio importance
to US. troops. It is well known, however, that during and after that war,
louseborue epidemics occurred among certain military as well as civilian popu-
lations; examples in Serbia® and in the Middle East® have been described;
and statistics on case incidence have been published.®

At the beginning of World War IT, the methods of prevention of trans-
mission and spread of human lousiness and of louseborne diseases, in general,
were well known to military medical personnel. The great advance in this
respect during the war was the widespread and effective nse of the residual
insecticide, DDT, as a preventive measure applied to military and civilian

1 Huater, W.: The Serbian Npidomics of Typhus and Relapsiag Fover 1n 1918. Prec. Rey. Noe.
Med. (Sect. Bypldomiol) 18: 30, Docomber 1919.

S Wilieest, W. H.: Typhuse and Relspeing Fever in Mesepotamis and Northera Puorsia. PFrec. Rey.
See. Mod. (Sect. Mod.) 13: 38, May 1830.

sTread of Relapsing Fever ia Durepean Aren and Beuatorial Afriea. Npidemiol. Infermaticn
Bull. 1(11) : 483-491, 15 July 1045

191
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populations alike.* Its use by the British in the course of an epidemic of
louseborne relapsing fever among civilians in Kenya has been describerl.®
Specific vaccines were and still are unavailable. Althongh, at the beginning
of World War II, arsenical preparations were thought to be fairly uniformly
effective in the treatment of human cases and in the prevention of recurrences,
studies of certain series of cases have called this view into question. In addi-
tion to providing clinical material for further study of arsenical therapy,
events during World War II revealed the potentialities of penicillin as n spe-
cific antibiotic in relapsing fever.

The experience of the U.S. Army Medical Department with regard to
relapsing fever during World War II is here considered in relation to the
problem as a whole.

INCIDENCE

No deaths were reported as due to relapsing fever during World War 11
in the U.S. Army. Dala on incidence of the disense, shown in table 19,
wers obtained from sample tabulations of individual medical records and, in
general, should be interpreted as approximations rather than exact numbers.

TanLe 10.—Incidence of relupaing fever in the U.S. Army, by nrea and year, 194045
{V'reliminary data hasred on samiple tabulations of individusl medical recards}

Area | 190048 || 1900 ! . 2 | e ] 1903
Continental United States_ ... _.__ ... 29 0 1 3 10 10 5
OVEPSORY o« oo e emecccacaccaaeann 143 0 0 7 3 60 43

Total ___ . ... I 172 0 | 1 10 41 70 50

In view of the small number of cases of relapsing fever in U.S. Army per-
sonnel during World War I1, it is virtually impoesible to establish trends of
the disease, and any actual seasonsl incidence would be Jiable to considerable
distortion by the occurrence of a localised outhreak. An example of one such
small outbreak is that described by Taft and Pike,* comprising 11 of the 29
cases reported for the United States.

Inasmuch as available factual data are quite fragmentarry, it appears de-
sirable to discuss relapsing fever with reference to gsographic areas where par-
ticular problems arose: United States, Panama Canal Department, Evropean
theater, Africa-Middle East, and, finally, the China-Burma-India theater.

S Wheeler, C. M.: Contrel of Typhus in Italy 194344 by Use of DDT. Am. J. Pud Health
36: 119-129, February 1048,

S Garnbam, P. C. C,, Davies, C. W., Heiseh, R. B, and Timms, G. L.: An Bpidemic of
Relapsing Fever in Keaya. Tr. Roy. Sec. Trop. Med. & Hyg. 41: 141-170, September 1847,

S Taft, W. C.. and Pike, J. B.: Rolapsing Pever. Repert of a Sperudic Outbroak, Iucieding Treat-
ment With Pealetllin, J.AM.A. 139 1003-1008, Decowber 1945,
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United States

A localized outbreak of tickborne relapsing fever was atudied by Taft and
Pike. The outbreak, occurring in northern Texas, gave rise to 1i proved cases
treated in the Army Air Forces Regional Hospital, Sheppand Field, Wichita
Falls, Tex. In discussing the clinical aspects of the disease in these patients,
the authors emphasize tho difficnlties in diagnosis, the nnusual incidence of
neurclogic involvement, and the relative ineffectiveness of Mapharten (oxo-
phenarsine hydrcchloride) as contrasted with the striking responss to penicillin
therapy. Their particularly valuable clinical discussion shonld be consnited
in the original article. Five of the group developed rashes on the second or
third day following termination of the first febrile episode, and the finding of
spirochetes during the afebrile period in a biopsied skin Jesion is of special
interest. The long course of the disease, marked by relapses on ineffective
therapy, and the protracted convalescence, all associzted with profound as-
thenia. indicate the potential loss in man-honrs which might be incnrred in an
outbreak of larger proportions. Special attention shonld be paid to the obser-
vation that penicillin, in proper dosage, is effective in treatment of the acute epi-
sode, as well as in reducing the period of disability from the disense to a
minimum,

Epidemiologic studies of this outbreak revealed that the men involved had
slept on the ground, during a night exercise, in an area where many specimens
of the tick Ornithodoros turicata were subsequently found living in the bur-
rows of terrapins, Terrapene ornata, and in those of small mammals. The
symptoms of illness began 6 or 7 days after the men were exposred in this area.
From ticks on “prairie dogs” (a name applied rather indiscriminately to ground
squirrels, as well as to Cynomys species) taken in this area, spirochetes we:e
later recovered in experimental animals.

It may be noted that cases of tickborne relapsing fever have occurred in
many localities in Texas, including Wichita County,” as well as in nearby
Kansas. O. turicata (Duges) is the only known vector to man of relapsing
fever in portions of Kansas, Oklahoma, and Texas, and it accepts » wide varicty
of hosts, particularly burrowing vertebrates.® The correct name for the spiro-
chete transmitted by this tick iz Borrelia turicatas (Brumpt), not Borrelia re-
currentis of Taft and Pike. Evidence that the tick may act as a spirochetal
reservoir has been provided by Duavis.

Fischer'* reported the case of & man whose jllness began during 1944
after return from field maneuvers where he slept on & mattress cover filled with

TColoman, J. M.. and Wright, H. E.: The Prevent Distridution of Relapaing FPover ia Tezas. In
Amerisan Asseciation fer the Advancement of Scieuce. Pubiteation No. 18, Washingten, D.C., 1942,
pp. 38-38, A Sympesium oa Relapsing Fever in the Ameriess,

o Cooley, R. A, and Ksbls, G. M.: The Argusidas of Noerth Americs, Contral Ameriea, and Cuba.
American Midland Naturalist Monegraph Ne. 1, 1944, pp. 1-183,

*Davis, G. I.: Relapeing Fever: The Tick Ornithedorss turicats as a Spirochetal Reservolr.
Pub. Health Rep. 53 : 539-842, May 1943,

" Pachiar, 1. : Penlelllla Therapy in Relapoing Pever; Report of & Casse. Am. J. Trep. Ned. 26:
483488, July 1M8.
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Spanish muee while camping beside the Colornda River, Tex., 2 miles from
Camp Swift.  Na further information is given concerning the ares wiwre in-
fection was presumably acquired from » tick. The patient was olverved at
the Station Howpital, Carup Bowie, Tex., where diagnosis wax contirmed by
demonstration of 1he spirochetes.  Rexponre to penicillin therapy was promm,
and no recurrence was noted during the ensuing 10 weeks of olweryvation.

Panama Canal Department

Fourteen cares of relapuing fever among military pervonnel of the I’snama
Canal Departivent were recorded for the vears 1942- 40, an followns: 1942, 6
canes; 19483, 2: 1944, 2: amnd 194D, 4.

Cohen ' dewcribed xix canes accurring during the spring of 1942 in Army
personnel treated in the 210th General Honpital, Psnama, (2. Three of the
petients belonged to one tactical unit, three to another. The men of one
group had slept in native huts for a single night about 12 10 14 days before
onset of symptoms. The probable time of infaction of the others coubl aut be
fixedd precisely, inasmuch as they had slept in native jungle huta on many
oceasions until 3 days prior 10 onvet of illnew: thewe three beeume 111 within
24 hours of one another. Disgnosis was confirmed in every came by the denon.
stration of spirochetes in preparations of blood. The heaignits of the clinieal
courses of these men was consistent with previous olmervatiice of Panama
cases. In spite of the finding of lice on two of the jutients, Coben's stated
opinion is that “in view of existing evidence, it ir more likely that the discane
was tickhorne.” During 1945, four cases of relapsing fever were dingnosed
by the demonnt ration of organisma in blnod preparations, snd each patient gave
a history of tick bite incurred while visiting native dwellinge.'

It should be emphasized that the proved tick vectors in this region are
Ornithodoros redis Kavach (symonyma: Orwithodores venizuclensis Brumpt
and Ornithodercs migenei RBrumpt) and Ornithederee talaje (Guécin-Méne-
ville). The studies of Dunn ** alss cited by Clark.'* Ied 10 the belief that
O. rudia in the principal vector of relapring fever to man in tropical America
and that, in Panama, 0. telaje acts as an important sgent in transmiiting the
spirochetes from animal to animal. Davis ** pointed out, however, that it ks
not been shown experimentally thet thene twe vertors are aitnally cupoble of
transmitting each other’s spirochetes. The corrert name for the Rorwlia
transmitted by O. vencauciensis in Borvrolia oencsudiensis (Brompt), of which
Borrelia neotrepicelia (Bates and Saint John) is & synouys. The spiruchete
transmitted by O. telaje must be regarded at pressat ar aanamed.

Hshen, A. G.: Botapring Fover ta Ponamn: Nrpert of fils Casve. War Ml 7-00 22
January 1948.
= Annus! Repart, Surgeen. Faname Crasl Nepartment. 1938,

“Duae, L. N.: Clerevations on the Hest Svivetion of Graiiederes isinje fuorm. i Pamama.
Am. J. Trep. Med. 13: (TS 443, Seplembrr 1923,

Setence, Publication No. 18, Woshingten, D.C., INMZ. pp. 39 M, A Rympwsion ea Relaguing Preer
a the Amerires.
% Davie, Q. K.. The Spirechetes. Ana. Wer, Micsoblel. 3: 308 B4, 1540,
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The small total number of human cases simply means a low degree of
effective contact between infected vectors and troops. Since man is merely
an incidental host for ticks, playing no essential role in their maintenance or
in the perpetuation of the tickborne Borrelia, he is an unreliable indicator of
the amount of infection in nature. On the basis of the small number of cases
occurring in troops in Panama, therefore, one is certainly not justified in draw-
iig inferences as to the rate of infection in ticks in nature,

Preventive measures included indoctrination of personnel in the danger
of visiting native habitations, particularly at night.'*

European Theater of Operations

According to Gordon,"” during the course of operations in the European
theater, only two cases of relapsing fever in U.S. troope were reported. One
of these occurred in Great Britain and the other on the Continent. A patient
who had been in Great Britain for some months before onset of symptoms was
admitted to the 280th Station Hospital in August 1044 with a febrile illness
which was diagnosed as relapsing fever when the spirochetes were found on
dark-field examination and mouse inoculation of blood. The mode of infection
was unknown in this instance, the patient giving no history of attack by ticks or
lice. Inmsmuch as the tick vectors are not known to occur naturally in this part
of the world, one assumes that the infection was louseborne. Information con-
cerning the other case is not available.

Africa-Middle East

During the period from 1943 through 1948, a louseborne epidemic of re-
lapsing fever invelving several thousand persons, mainly civilians, spread
through much of North Africa and Egypt. Epidemiologic background in-
formation concerning the outbreak is given by Stuart and by Gaud and co-
workers.® During the period from September through December 1845, 10
cases were reported among U.S. troops at Casablanca, French Morocco.”® The
fact that che civilian epidemic did not become a military medical problem in
the U.S. troops was probably related to efforts of military preventive medicine
which, although aimed primarily against louseborne typhus, naturally included
messures designed to prevent infestation with lice.

During the courss of the epidemic in Egypt, members of the United States
of America Typhus Commission observed and treated cases of loussborne re-

2 Cug, W. C. (v8iter) : The Preveation of Discase i the United Btates Army During World War 11,
The Fecama Conal Dupartment. £ Jan. 1940 te 1 Oct. 1945, vol. I, p. 217. [Oficia) record.)

H o Study

of Delapsing Fever I Nerth Afrien (1843-48). Bull. Werld Health Organ. 1: 0092, 1047-80.

(3) Gand, M., Khalll Bey, M., and Vaneal, i.: The Evelution of the Epidemic of Relapring Yever,
H 104

* Neseatial Techaleal Medical n.u:nuq-'-mu. Afrion-}iddle East Theater, US. Army. for
b4 tharete.
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lapsing fever occuring among the native population. In this connection, the
observations of Zarnfonetis and cowarkers ? are especially important. They
confirmed and amplified the findings nf previous investigators showing that
sern of patients with louseborne relapsing fever may agglutinate Baciltus pro-
teus OX-K. They pointed out that it is therefore necessary to interpret Weil-
Felix OX-K results with caution in areas where both tsutsugamushi disease and
relapsing fever are present. They further showed that relapsing fever does
not appear to interfere with Weil-Felix OX-19 results, or with complement
fixation tests using purified rickettsial antigens in the diagnosis of epidemic
louseborne typhus.

During June and July 1944, five cases of relapsing fever in U.S. troops
occurred in the Kazvin area, Persian Gulf Command.” Although the men
gave no history of bites by ticks or lice, Argasid ticks were collected in buildings
outside and inside the camp area. A report on their final identification is not
available, but it is noted that dead ticks were found after barracks had been
sprayed with 5 percent DDT in kerosene.? This author would point out that
a known tick vector in this area is Ornithodoros tholozani (ILaboulbene and
Megnin), of which Ornithodoros papillipes Birula is a synonym.

China-Burma-India

According to preliminary data based on sample tabulations of individual
medical records, there were 70 cases of relapsing fever among U.S. Army per-
sonnel stationed in this area during 1942-45: 1942, 0; 1943, 4; 1944, 36; and
1945, 30. Surprisingly little information concerning these cases is available,
and Blumgart * pointed out that it is virtually impossible to be certain that
five cases reported from the India-Burma theater were actually relapsing fever.
At least one officer was known to have reported recurrert malaria as relapsing
fever. The majority of cases in U.S. troops apparently occurred in China, but
information concerning them is scanty. Although louseborne relapsing fever
was one of the most prevalent diseases noted among Chinese treated at the 22d
Field Hoepital, Chan-i, China, the only case among American personnel was
that of the admission clerk who worked in close contact with sick Chinese sol-
diers® One may speculate, therefore, that cases in the U.S. troops were prob-
ably louseborne, inasmuch as this type of spread is known to occur in China,
and furthermore there were undoubtedly oppeortunities for contsct with louse-
infested Chinese civilians and troops.

» Zarafonetia, C. J. D, Ingrabam, H. 8, 834 Berry. J. V.: Weil-Felix and Typhus Complement-
Fzation Teots In Relapeiag Fever, With Special Reforence to 5. profess OX-K Aggiutinatien. J.
Immunel. 53: 180-190, March 1946,

 Hasential Technical Nedical Data, Hendquarters, Perstan Gulf Command, U.S. Army, dated 19
Sept. 1044, and 18 Nov, 1044, inclesure 4 thereto.

o Lotrer. Capt. Manning A. Price, 8aC. Malariclogist, to Commandisg Genoral, Persian Gulf
Command, 11 Nov. 1044, subject : Report of Malaria and Louse Control Activities for Month of

# Report, Col. Herrman Blumgart, MC, Medteal Consultant, India-Burma Theater of Operations
(about 16 Oct. 19451, subject : Relapaing Fever.

o Raseatisl Techaieal Medieal Data, Headquarters, U.S. Forces, China Theater, Rear Echelon, for
March 1048, dated 27 Apr. 1943,
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Owing to pediculosis of Chinese recruits and to the observed incomplete-
ness of delousing mensures ns applied to these individuals in the Chinese Army,
Chinese troops were a source of material for the clinical study of reiapeing
fever by U.S. Army Medical Corps personnel. The main problem concerned
cases which developed in Chinese troops in India, shortly after these soldiers
had been flown over the Himalayan “Hump” from K'un-ming. Oeccasional
cases among Chinese who had been in India for several months did not consti-
tute a serions health problem.

The 134 Chinese recruits treated in Assam by Wolll * showed, as & group,
signs of malnutrition and multiple vitamin deficiencies as well as infection
with intestinal nematodes. Diagnosis of relapsing fever was based on demon-
stration of spirochetes in blood preparations, inasmuch as the clinical picture
had to be differentiated from several other febrile conditions frequently ob-
servea. Specific therapy consisted of two intravenous injections, each 0.04
gm. of Mapharsen, given 3 to 5 days apart. Convalescence was rapid follow-
ing the use of Mapharsen, and recovery was apparently complets in a few days.
Recurrences were noted in 13 percent of cases treated in this manner. Mor-
tality in the 134 cases was 11.9 percent, which was lower than might have been
expected in persons whose general health was already impaired when relapsing
fever was contracted.

Dillon and Fischer > treated more than 250 cases of relapsing fever in
Chinese troops whose nutritional status was poor and in whom the rate of
infection with intestinal parasites was high. The overall mortality rate was
2.8 percent. Diagnosis was based on demonstration of spirochetes in blood
preparations. Varying doses of neoarsphenamine were used for specific tresat-
ment of the infection. Because of low relapee rate, low mortality rate, absence
of complications, and convenience of dosage, 0.3 gm. given intravenonsly was
found to be the most appropriate dosage, on the basis of administration to 193
patients.

CONCLUSIONS

It is important to evaluate the risk to troops operating in infected areas.
In the absence of refined figures, comparisons of approximate figures for re-
Iapeing fever in civilians during the North African louseborne epidemic with
approximate figures showing negligible rates in U.S. troops in the same area
indicate the very minor risk to troops who are properly indoctrinated and
protected against Jouse infestation or contact with Jousy persons. The risk of
sporadic cases or outbreaks of the tickborne disease is continually present in
thoee habitats which harbor infected ticks. In the absence of any effective

" Welff, B. P.: Aslatic Relapsing Fever: Report of 134 Casen Treated With Mapharsen. Ann.
Int. Med. 24: 203-316, February 1948, (Abstr.: Bull U.S. Army Med. Dept. 4(2) © 124-123,
Angust 1945.)

= Dillen, J. A.. amd Flincher. W. J. H.: Obwervations on Relapsing Fiver, Field Medieal Bulletin,

Headquarters, Services of Bupply. U.S. Army Forces, China-Burma-Indis, vel. 3, No. 8. Angust 1944,
»p. 92-98.
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specific vaccine, prevention of human infection is based on avoidance of con-
tact with infected lice or ticks.

Owing to the effectiveness of measures designed to prevent troops from
aitack or infestation by human body lice and by Ornithodoros ticks, relapsing
fever was actually of minor importance among U.S, Army personnel during
World War II. The main contributions of personnel of the U.S. Army Medi-
cal Department concerned specific therapy of the disease with various arsenical
preparations and with penicillin.



CHAPTER IX

Sandfly Fever
(Pappataci, Phlebotomus, Three-Day Fever)

Marshall Hertig, Ph. D., and Albert B. Sabin, M.D.
Part 1. History of Incidence, Prevention, and Control

Marshall Hertig, Ph. D.

GENERAL CONSIDERATIONS

Sandfly fever is a short-term febrile disease of virus etiology transmitted
by the bite of one or more species of sandflies of the genus Phlebotomus.! Al-
though there are no fatalities and the victims are incapacitated usually for no
more than 1 or 2 weeks, the disease is potentially of great military importance.
This is because large numbers of men may be incapacitated at precisely the time
when they are most needed. The danger would be especially great for invading
forces which had not been previously exposed to the disease and would therefore
be composed of nonimmune persons. The defending forces, whether composed
of natives or troops who had been in the regions during the previous sandfly
season, would be mostly immune. Since the incubation period is very short, a
matter of only 3 to 6 days, it would be possible for the invaders to have s large
fraction of their forces rendered noneflective in the first critical days of a
campaign.

Military History

Since armies, rather than resident populations, have been the chief, or at
least the most spectacular and articulate, sufferexs from sandfly fever, its his-
tory is very largely military. The clamsic investigations in Dulmatia on the
etiology and tranemission were made by an Austrian military commission con-
sisting of Doerr, Franz, and Taussig®* Most of the later experimental work on
the virus and its transmission has been performed under military avspices.
Some of the first studies on the bionomics of Phledbotomus, carried out by varions

1 War Department Techaical Bulletia (TB MED) 82, $ Avg. 1944,

$Deerr, R, Frass, K., und Tuumig, 8.: Puppataciicher, oin codemicshes Drel-Tage-Ficher im
adriatischen Kustongebiete Oenterreich-Ungarns. Leipsig & Wien, Deutiche, 1900.
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British investigators in Malta before World War I,> were stimulated by the
severe problems of sandfly fever and sandfly annoyance in local military estab-
lishiments. .\ large proportion of onr epidemiologic information has come from
experiences of British forces at military stations and during campaigns in the
Mediterranean region, the Middle East, and in India.* Americans in general
had had no experience with the disease before World War II.

The military importance of the disease in all cases has rested on the central
fact that during the sandfly season newcomers could suddenly Le rendered non-
effective in great numbers. This has applied not only to newly arrived foreign
troops but also to natives who came from regions where the disease did not ocenr.
For example, Indian troops from certain hill regions have been as severely
affected as the British. The military effecis have ranged from interference with
routine garrison duties and training schednles and temporary overcrowding of
hospitals to ineffectiveness in combat. Sinton® gave an instance from the
Waziristan campaign in 1917 where a battalion was attacked almost en masse
by sandfly fever and rendered temporarily unfit for further service. He cited
the reports of others that the disense was the cause of “a great deal of ineflective-
ness among troops of the Mesopotamian Expeditionary Force” in World War I,
and that it acconnted for 50 percent of the cases of sickness among oversea per-
sonnel of the Royal Air Force. In Palestine during World War I1,* the oper-
ation of air-training schools with very crowded schedules was seriously affected
by the disease. The experience of the U.S. Army in World War II in which
there were an estimated 8,500 cases of sandfly fever in the Sicily Campaign and
potentially serious outbreaks on the Italian mainland is reported by Sabin
(pp. 168-174).

Epidemiology

Distribution.—Sandfly fever is limited chiefly to the Old World between
latitudes 20° and 45° north. It extends from the Meditarranean to India and
Burma and poesibly to China. The following details as to distribution are
quoted from Sabin, Philip,and Paul: *

The disease is definitely kmown to occur in Italy as far north as the Po Valley, Siclly,
alomg the Adriaiic coast of Yugoslavia as far north as the Istrian peninsula, Greece,

8 (1) Birt, C.: Phlshotomus Fever in Malta snd Crete. J. Roy. Army M. Corps 14: 236-288,
1910. (3) Newstead, R.: The Papataci Flies (Phlcbotomus) of the Mailtese Isiands. Bull. Eat.
Res. 3: 47-78, 1911, (3) Marett, P. 1.: The Bionomics of the Maltene Phicbotomi. Brit. M.J.
2: 173178, July 1818,

4(1) Sintea, J. A.: Indian Bpecies of the Gonus Pricdotomus ;: Role of Insects of the Genus Phle-
botomus as Carriers of Dissase, With Special Reforence to India. Indiaw J. M. Research 12: 701-729,
April 1929, (2) Anderaon, W. M. K : Observations on P. pepstesii In the Peshawar District. Indlan
J.M. Researeh 27 : 337-884, October 1939,

" Bee footnete 4(1).

¢ (1) Report, Lt. Col. Reas L. Gauld, MC, Epidemioiogist, Epidemiology Necticn, 15¢th iledical
Geweral Laberatery, 6744 Medieal Ceatee (OVHD), te Commanding Uficer, 15th Medical General
Taboratory, 16 Oct. 1944, subject : Trip te Jervusalem in Connection With Sandfiies and Sandfly Fever.
(3) Report, Mal. Marshall Hertig, SaC, 15th Medicsl Geseral Ladoratory, 8744 Medical Center
(OVHD), to Sargeon, North African Theater of Operationn, 11.8. Army, 13 Oct. 1944, subject : Trip to
Jerusalem In Connection With Sandfies and Sandsy Fever,

* Sadin, A. B, Piilip, C. B, and Paunl, J, R, : Phlcbetomus (Pappatael or Sandly) Fever: A Dissase
of Military 1mpertance ;: Summary of Existing Knowiedge and Preliminary R:port of Original Investt-
mations. J.AM.A. 133: 003606, 003-000, July 1944,
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Malta, Crete, Cyprus, Egypt, Palestine, Syria, Iraq, Persia (Iran), Crimea and the Trans-
caucasian region, and the northwest and central provinces of India. There are also reports
which would suggest that this disease may occur in China as far north as Peiping and
Tientsin and as far south as Hong Kong, in Burma along the coast of the Bay of Bengal,
in Ceylon, in the Poona region of India, in Aden and along the adjucent Red Sea coast of
Arabla, the Angio-Egyptian Sudan, along the Mediterranean coast of Africa-—particularly
the eastern portlion, Corsica, the Mediterranean coast of France, Gibraltar, and along the
Atlantic coast of Portugal. Reports of a similar disease in countries lylig just north or
south of the Equator have come from Kenya and the Tanganylka Territory in Africa and
from the region of Bolivar [Colombia] in S8outh America. The discase is not known to
occur In the United States.

In Panama, there occurs sporadically a short-termi fever which is clinically
similar to sandfly fever and which has at times been diagnosed as such® How-
ever, the identity of this disease with sandfly fever has never been established
nor, so far as known, has any experimental work with Phlebotomus and sand-
fly fever ever been undertaken in the Western Hemisphere. It may be re-
marked that in Panama there are a number of species of Phlebofomus which
bite man. Their distribution is sufficiently wide and varied as to habitats to
permit their consideration as vectors.

In the Pacific areas, cases of sandfly fever were reported but never con-
firmed by later investigation, as shown by Lt. Col. (later Col.) Cornelius B.
Philip, SnC (pp. 123-124). Sera from a number of cases were shipped to the
United States and inoculated into volunteers. Sera from the Philippines gave
only negative results, while from the New Guinea specimens four strains of
typical dengue were recovered.

The occurrence of sandfly fever in the Western Hemisphere and in the
Pacific remains unproved.

Symptomatelogy and diagnesis.—Clinically, the disease is characterized
by sudden onset, fever lasting usually about 3 days (whence the name 3-day
fever) ranging from 100° to 105° F., withseverefronullwadache,paininthb
eyes, photophobis, pain in the back and joints, and genersl malaise. The
disease may simulate influenss, other reepiratory infections, the initisl stages
of other febrile diseases, and may be confused with dengue. From the latter,
it may usually be distinguished by the abeence of a rash and the shorter febrile
period

A decreass in the number of segmented nentmphiles together with a rela-
tive and absolute increase of immature neutrovhiles is a phenomenon shown
by Sabin and others (p. 110) to be constant in sandﬂy fever and sn important
sid in dngnous.

There is no distinctive sign or specific teet, and, as a vesull, diagnosis is
often difficult, particularly under field conditions. The practical implications
are illustrated by the Army’s experience in Sicily where many undiagnosed
febrile cases, which wers undoubtedly sandfly fever, were treated as malaria and
needlessly evacuated to North Africa (pp. 168-174).

SCheney, G.. and Amasni, G.: The [dentifieation of Tropical Fevers of Virus and Ricketisial
Origin. Stanferd M. Bull. 4:104-116, August-November 19486,
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Immunity.—Native populations are seldom affected severely by sandfly
fever. Indeed, the people may hardly be aware that there is such a distinct
disease entity, even in an aren capable of producing an epidemic among
newcomers. This was the case in Naples in 1944 (p.. 121). The scatiered
cases which were found among civilians by systematic search had been at-
tributed to colds and the like and had not been deemed worthy of niedical
attention. Infection is obviously acquired during childhood, with a consid-
erible degree of resulting immunity which is renewed from time to time by
subsequent infections. From the readiness with which newcomers may con-
tract the disense in the ahsence of any recognized outbreak nmong the local
population, it is evident that opportunities for reinfection of the latter are
8 more or less constant fenture of the epidemiology.

The duration of the immunity in an adult from n single attack lins been
shown experimentally by Sabin and others to be at least 4 months and even
as long as 2 years (p. 148), but that it may have disappeared after 4 to 7 years,
In any case, it appears that the immunity from a single attack and from what-
ever reinfections may occur natnrally is such that troops who remain in the
same area are, like the Jocal civilians, little troubled by sandfly fever. How-
ever, reports of second attacks in the same season nearly nlways have been
associated with a change of station. A reasonable explanation for such re-
peated attacks is provided by the demonstration that there are at least two
immunologically distinct strains in the Mediterranean area: namely, the
Sicilian-Middle East strain recovered in 1943, and the Naples strain recovered
in 1944 (pp. 165-168).

Criteria for the identlfication of the virus,—Sabin has pointed out that
the ultimate criterion for the identification of a given strain of virus, as that
of sandfly fever, is the actual demonstration of its transmissibility by Phle-
botomus (p. 132). This was done in the case of the Middle East strain. A
procedurs of this sort is possible only under certain special conditions. It
was not feasible in the case of the Naples virus, but there remains no reason-
able doubt that it was smndfly fever. Clinically and epidemiologically, it
followed the classic pattern, and it was amply shown by competent cheervers
to be associated with PAlebotomwus papatasii. In practice, in the face of an
outbreak of what appeared to be sandfly fever, control meusures would, of
course, be instituted as soon as possible. There would be neither necessity
nor justification to await the definitive demonstration of transmission by
PRlebotomus.

The following seem to he reasonable grounds for assuming a given out-
bresk to be sandfly fever and for proceeding ou that assunption with what-
ever control measupes are feasible:

1. Correspondence with symptomatology und clinical course of sandfly
fever.

2. Occurrence during the sandfly season in a known cndemic area.

3. Occurrence in newcomers, with the local popuiation apparently
unaffected.
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4. Demonstrated association with Phlebotomus, especially P. papatesii
within its range: Sandflies found in fair abundance either in the act of biting
at night or at rest in living quarters during the day. It would usually be
" possible to demonstrate the converse; namely, that specific quarters, barracks,
or localities with little or no disease had few or no sandflies, or at least that
P. papatasii was scarce or absent.

5. Prompt cessation of the outbreak on the application of control meas-
* ures, such as residnal DDT (p. 121).

Etiology and Transmission

Doerr and others (p. 109) working on the Dalmatian coast in 1008, showed
that the etiologic agent was filterable, that blood taken from patients on the
first day could produce the disease when inoculated into other persons, and
that the disease could be transmitted by P. papatasii, These basic facts have
been confirmed by a number of later investigations® in the Mediterranean,
India, and Transcaucasia. No insect other than Phlebotomus has been shown
capable of transmitting the infection, and no animal other than man is known
to be susceptible.

Imsect vector.—P. papatasii is the species with which all recorded experi-
mental infections have been accomplished and is the species which has been
found associated with the disease in those areas where sandfly fever has been
moet studied. P. papatadii is one of the most widely distributed species of the
genus and occurs in an extraordinary variety of habitats from the Mediterranean
to the western half of India (fig. 4). Around the Mediterranean littoral, it is
found, often in great abundance, in rural areas as well as in the heart of large
cities, such as Naples and Athens. In the salt desert around the Dead Sea,
this species occurs in enormous numbers even at some distance from human
habitationa. In certain semidesert regions of Turkmenistan, it has been found
breeding in the burrows of rodents. The possibility that other species of
Phlebotomus may also be vectors has not been investigated experimentally.
Outside the range of the P. papatasii, for example, in Burma and China, if the
reported disease is actually sandfly faver, other species must necessarily be
involved.

Life histery.—The breeding places of P. papatasii are in moist, loose soil
in dark, humid, sheltered places such as those beneath stones, in masonry
crevices, in deep s0il cracks, or in animal burrows. The female secures a blood
meal and after several days lays a batch of eggs, a process which may be
repeated several times. The males do not suck blood. The eggs hatch in about
10days. Thelarvaeare scavengers and feed on insect or animal feces, decaying

(1) Bee [setmete 2(1), p. 110. (2) Whittingham. H. B.: The Rtislagy of Flhlchotomus Fover.
thhld. 22: 461-400, Seplomber 1904, (:)Mt.n.l..mnr..umnc.
Sandliy Tever ea the Indian Freatier; A Preliminary Note on Seme Laberatery mu.-. e
@lan J.M. Rasearch 31: T75-788, Apeil 1904. (4) Mocshkoviky, 8. D., Domisa, N. A udott‘n
Sandly Fever. VII1. Trancmissien of Sanddy Tuver Virue by Sandfties Hatched Frem h b
Infected Yemalea. Med. Parmsitel. (Moscww) €: 9223-937, 1937. Abstract In Trep. Dis
41 : 388, July 1944,
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ghort flight range has been noted in desert habitats, where with marked sand-
flies a range of 1,500 meters has been measured.

Sandflies have often been kept alive in the laboratory for several weeks,
and it is supposed that this reflects their longevity in nature. With suitable
technique, they can be fed repeatedly in the laboratory, and it is known (from
the state of the ovaries and the glands) that they commonly refeed at least
once in nature, a point of importance in the transmission of a disease from
person to person.

Phlebotomus and the virus.—The experimental evidence indicates that
sandflies may become infective about a week after they have fed on a patient,
but the extremes of time required for the development of the virus have not been
determined. Throughout the sandfly season, there are continuous opportunities
for the transmission of tl.» virus from person to person. Carrying the virus
over the winter, however, has been more difficult to explain. The virus is circu-
lated in the blood of man for only 2 or 3 days, and no other vertebrate host is
known. Early in the study of the disease, it was suggested that the sandfly
larvae might become infected either via the egg or by eating the dead bodies of
sandfly adults and thus carry the virus through the winter. Certain investi-
gators ** have succeeded in transmitting the disease by the progeny of
infected sandtlies, while Sabin and others have failed.

In this connection, there occurs to the writer a point which he has not seen
disco-sed ; namely, that the experimental infection of sandfly progeny via the
larvae may happen more readily with a generation which is actually destined to
overwinter. P. papatasii, like other species of Phlebotomus in climates with &
cold winter, exhibits the phenomenon of the diapause; that is, larvae from
eges laid toward the end of the sandfly season develop normally to the fourth
instar but do not pupate until the following spring. This phenomenon is not
the response of the individual sandfly larvae to lowered temperature or other
external factors but is characteristic of that particular generation. In the
laboratory, larvae undergoing the diapause stubbornly persist in that state in
spite of efforts to bring them out of it. Overwintering larvae should be com-
pared with thoss of the summer generations as to their ability to harbor the
virus. The negative translarval transmission experiments of Sabin and others
(p. 110) were done with sandflies reared during the early part of the sandfly
season. Corresponding data for the positive experiments were provided by
Whittingham and by Moshkovsky and others who, however, do not indicate the
time of year when their studies were made.

Whatever the factors are which permit the virus to be carried over to the
next sandfly generation, it has been demonstrated that it can happen at least
part of the time, This provides the moet likely explanation of how the virus is
carried over from season to season.

Control measures—The first really effective control measure against
Phlebotomus, namely, residusl DDT, was developed and tested only during

¥ %ee footnote 9 (21 and (4), p. 113.
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World War II. Control measures, together with protective mensures, are dis-
cnssed later.

GEOGRAPHIC DISTRIBUTION

The principal areas where sandfly fever occurred in ULS, troops were the
Middle East, China-Burma-India, and Mediterranean theaters. In general, the
disease wns limited to regions long known to be endentic, nnd ontbrezks corre-
sponded with the sensounl prevnlence of sandfies (’hlebotomus). Whenever
stidies were ninde, nssocintion of the disense with sundflies was demonstrated.
The incidence of sandfly fever in these three theaters is summurized in table 20,

TanLe 20.—Incidence of sandfty fever in the U'.S. Army, by thealer or area and year, 1952-46
{Preliminary data based on sample tabulations of individusl medics) records)
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Middle East Theater

Persian Guif Command.—The Middle East theater had a higher rate
of sandfly fever than any other theater. The Persian Gulf Command had a
particularly high rate, about 50 percent more than that of the theater as a
whole. The great majority of cases occurred betweer April and October, with
peaks occurring from June to August, chiefly in August.”?

There was a ateady decline in the entire theater from a rate of 70.13 per
1,000 troops, per annum, in 1942 to 3.42 per 1,000 in 1945. Rates in the Persian

1 (1) Anmual Report, Surgeon, Persian Gulf Command, U.8. Army, 19044. Inclosure Neo. 14,

therete. (2) Aawual Repert, Chief Surgesn, Headquarters, Medieal Department, U.5. Army Forces
1a the Middle Kast, 1943.
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Gulf Command, for example, which showed a peak of 235 per 1,000 in August
1943, reached only 74.91 in June and 72.37 in August 1944. The annua] rates
for 1943 and 1944 in the Persian Gulf Command were 60.2 and 29.79, respec-
tively. The decrease was probably due both to improved protective and con-
trol measures and to the steadily increasing proportion of immune persons.

British Army.—Sandfly fever was also a problem to the British Army
Middle East Forces, with a rate of 21.48 per 1,000 per annum in 19422 This
covered the areas of Egypt, Palestine, Syria, Cyprus, Sudan, Eritrea, Malta,
and Aden. An outbresk in two hospitals in the Middle East (which the writer
understands were in Palestine) was reported by Cullinan and Whittaker.!®
In both hospitals, about one-fourth of the doctors and nurses and nearly all
the “other ranks” were attacked. On a single day in one hospital, one-quarter
of the total strength of about 350 was sick. Of 1,910 patients admitted during
the 3-month period, August to October 1942, nearly one-fifth contracted sundfly
fever after adinission. The height of the epidemic was between 27 August and
10 September. Cases were limited chiefly to certain wards surrounded by
rubble, while others with “tidy surroundings” had relatively few. Sandfly
infestation was heavy. A notable feature was that second attacks occurred in
15 percent of the cases from 2 to 12 weeks after the first, with occasionally three
separate attacks,

On a visit to Palestine in 1944, the writer was informed that the British
had been hampered by sandfly fever in 104344 at various airfields, particularly
in maintaining schedules at air-training schools (p. 110).

Cairo.—Cairo provided an illustration of the classic epidemiology of the
disease.* Although troops quartered in Cairo had & high sandfly fever rate
during the summers of 1941, 1942, and 1943, the disease was hardly recognized
among the native population. From verbal reports, members of the Commis-
sion on Neurotropic Virus Disenses, Army Epidemiological Board, gathered
that the disense was thought to be one of childhood but that almost nothing
was known of its prevalence among adult civilians. The difficulty of diag-
nosis and the ease with which the disease may be mistaken for influenza made
it seem likely that many cases reported as influenza might actually have been
sandfly fever. In this connection, the Commission cited the morbidity rates
recorded in Egypt for 1938 and 1939 which showed the highest influenza fre-
quency and the next to Jowest mortality in the month of July.

American troops were quartered at the Metro Barracks near Heliopolis,
surrounded by city buildings, vegetation, and trees. In spite of protective
measures, Philip, Paul, and Sabin reported that the incidence of sandfiy fever

* Repert by Neurotropic Virus Commissien, Board for the Investigation of Epidemic Diseases
1a the U.B. Army, dated 16 June 1943, subject: Prellminary Review o8 Pupatasil (Sauvdly) Fever
as & Military Disease of the Middle Esst. 1. Preval and & t Data, obtained at Caire, May
1943,

1 Culllsan, E. R.. and Whittaker, 8. R. F.: Outdresk of Sandfly Fever Ia Two Geseral Houpitals
fa the Miidle East. Brit. M.J. 2: 543-545, 30 Oct. 1043,

» (1) Pulip, C. B, Paul, J. R, and Sabia, 4. B.: Dimethyl Phthalate as & Repollent 1a Coatrel
of Phled (P el or Sandfly) Fever. War Med. 6:27-33, Jaly 1044, (2) See footnots 13.
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in this unit during the fall of 1943 was approximately 2 percent of the entire
command. During the same summer, Rritish troops at three urhan camps,
comparable in location and vegetation to the Metro 13arracks, alwo bad con-
siderable sandfly fever. At one camp, llelmiel, the incidesce anong the per.
sonnel of one hospital was expecially high, more than half the officers, nurees,
and other ranks having contracted the direase.'*  In contrax to the situation
in Cairo itrelf was the experience of the American tronps at Camp Rusaeii B.
Huckstep, whicli had been established in the desert about 12 milex from Cairo.
There were no trees or other vegetation. Sandflies were mre, and randfly fever
was practically nonexistent.

Veclor specien.—’Alehotomus papatasii, one of the momt widely dis-
tributed species of this genus, is practicaliy the only one which hax been amso-
ciated with sandfly fever and ix the only proved vector; that ix, thie only one with
which experinental transmimsion to man has bren effected. The specien is found
throughout ths Middle East and was the one shown to bes assaciated with out-
breaks in Palestine and (siro, Information was lacking ahout the specific
amociation of sandflies with the disease in other areax in this theater.,

China-Burma-India Thester

In the China-Burma-India theater, mandfly fever was firt reported in
September 1942. After October, no further casm were reported until Febru-
ary 143. The greatet incidence occurred from May to July, the . dry
veason. In 1943, seversi explosive outhreaks were confined to smalt arean,
A high ax 40 percent of the members of one conmianid were attacked at one
time.'* The peak in each year was in July, the rmtex for that month in
1943, 1944, and 1945 heing, rexpectively, $5.00, 26,75, and 430 (6,34 for Burma.
Indin) per 1,000 troops.!?

A noteworthy feature of sandfly fever in this theater was that its prevence
was demonstrated in areas not previously thought to be endemic. It had heen
generaily stated to be limited to the northwestern part of India. However.
a number of coses were reported from Calewtta and elerwhere in castern
India, and in Bermwa in the Upper Chindwin section, around Rangoom, in
Mandalay, and along the Salween River.”” Neverthelesn, 1.8, troops in Assam
and northern Burma were singularly free from sandfly fever, and it is question-
able whether the disease cocurred in these areas. A decrease in the roperted
rate per 1,000 pee annum occurred from 1943 (o 1945 in the (China-Dirma - India
theater, as it did in the Middle East. General inmect control mcasucen, “uch

“Paul. 7. R. Sabin, A. B. and Philip, . B.: lnterim Bopart of the Astivitien and Studies
Carried Out by the Rearwireple Virus DNisracr (‘ommicsion (Nivard for the Investigation f Epidamie
Disvases, U.S. Army) In the Middle Heat snd Meily, April Octeber 1943, submitiod 34 Uepl. 1045,

" Plold Neodien) Bolictia, Nendguartern, Servicos of Supply. 1'.8. Army Yoreon, Chias Burtia India
Thealer, vol. 3. No. 8, Seplember 1943,

TY¥an Avhen, M. A.: A Histery of Proventive Mediciow In (he X Army Fotvve af (e lodle
Burma Theater, 1943 45, {Oficial revond. )

% War Department Techolenl Bulletin (TS MED) 174, July 1048,

¥ War Departwment Terhuical Bulietia (TB MRIY) 77, 2 Ang. t9U4.
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as the use of DDT, probably contributed to the lowered incidence during
1945. An additional factor was that during the summer of 1945 only a small
pert of the theater strength was stationed in or required to pass through areas
where P. papatasii was present.

Veetor specien.—PAlebotomus papatasii is common in northwestern India
but is not known to occur east of a line drawn roughly from Delhi to Madras,
with the exception of an isolated record near Calcutta.?® Its association with
sandfly fever in northwestern India has been frequently cited in the literature.
Shortt aml others ** transmitted the disease experimentally by the bites of
P. papatasii fed on sandfly fever patients in Peshawar, Northwest Frontier
Province, In the eastern half of India, a number of species are known to exist,
and at least three species have been found in Burma.?? There is no informa-
tion, however, as to specific vectors in the eastern areas.

Mediterranean Theater

The invasion of North Africa in November 1942 took place after the close
of the sandfly season. No cases were reported until July 1943. A peak of
admissions occurred in September when the rate was 8.02 per 1,000 troops per
annum.

Sicily.—In the Sicily Campaign during the summer of 1943, there was
8 combined total of 14,402 cases diagnosed as sandfly fever, F.U.O. (fever of
undetermined origin), and malaria (p. 172). The Commission on Neurotropic
Virus Diseases visited Sicily in the latter part of the campaign (pp. 168-174),
It was apparent that a large proportion of the undiagnosed fevers, and also of
thoee diagnosed as malaria without positive blood films, were probably sandfly
fever. Indeed, of 922 cases of the same group of fevers which were carefully
observed at one hospital in Sicily, 637 were sandfly fever, representing an
87.6-percent proportion of the total cases (727) of sandfly fever (637), F.U.O.
(4), and unclassified malaria (negative smear, diagnosed clinically) (88). If
the same proportion of sandfly fever which was found among this group of
“fevers” is applied to the “fever” cases in the campaign, and the proportion
held throughout, approximately 8,500 may have been sandfly fever. Most of
the American medical officers had had no previous experience with sandfly
fever, but after the first few weeks they began to recognize it ;more rendily as
a distinct entity. The serious features from the military standpoint wure not
only the Joss of the services of so many men but the fact that many were
treated as malaria cases and needlessly evacuated to North Africa. The Si-
cilian campaign afforded & striking illustration of the serious threat which
sandfly fever poees for an invading army of nonimmune men in the eritical
period of establishing a beachhead.

*Saten, J. A.: Netss ou Some Indian Species of Genus Phlibetomus; Further Rocerds of the
Distributien, Indlan J.M. Research 14: 941-940, April 1937,

N Bee feetaote §(3), p. 118,
™ See footnote 19, p. 118,



120 COMMUNICABLE DISLASES

Epidemiologic and entomologic studies, Italy, 1944

The Army had further experience with sandfly fever on the Italian main-
land in 1044, Early in August, Lt. Col. Ross L. Gauld, MC, 15tk Medical
General Laboratory, Naples, Italy began an epidemiologic study of the disease.
The writer was on temporary duty in the Mediterranean area from the last
week in Jnly until December 1944 for the purpose of studying £hlebotomus in
relation to sandfly fever. In carrying out these investigations, Colonel Gauld
and the writer made a number of journeys to various parts of Italy south of
the Arno River and to Palestine. The following discussion represents first-
hand observations or information received in the course of this work, which

were embodied in various reports, jointly or separately, to the surgeon of the
North African theater.®

NAPLES-CASERTA OUTBREAK

In 1944, a few cases were reported in June. In the first few days of July,
shortly after the transfer of Headquarters, North African Theater of Opera-
tions, U.S. Army, from Algiers to Italy, there was a series ¢ sharp, local out-
breaks of sandfly fever in the Naples-Caserta area. These outbreaks tended to
be limited to certain buildings, in which as many as one-third or even more
of the occupants were affected. Frequently, entire offices were seriously crip-
nled at a critical time. For example, enlisted men of Headquarters were bil-
leted in the huge cavalry barracks across the street from the “Palace” at
Caserta. The men in this building (and in & similar one occupied by the
British) were moet affected. Relatively few cases occurred among the officers
billeted in the town or in the “tent city” in the forest behind the Palace.
Troops quartered within a half mile of the cavalry barracks, as, for example,
8 Women’s Army Corpe detachment in the hospital area in the Palace grounds,
had very few cases. In the heart of Naples, in certain schools used as barrcks,
personnel suffered severely for several weeks before comtrol measures were
carried out. A large number of Army and Navy personnel engaged in the
planning of the invasion of southern France were quartered in the “block-
house,” a huge building in the form of a hollow square, located on a hilltop in
Naples. The work was seriously threatened at an extremely critical period by

=(1) Letter, Lt. Col. Ross L. Ganld, NC, Epidemiclegist, Epidemiolegy Bectica, 15th Medical
Geasral Laberatery, 8744 Medical Center (OVHD), to Commandiag Ofieer, un Medical General
Laberatory, 15 Oct. 1944, subject: Bandfly Fever Ia PWCD. (Epidemiod report ded.)
(2) Letter. Maj. Marshall Hertig, 3aC, 15th Medical General Laderstery, €744 MNoedica)l Couter
(OVHD), to Sergesa. Neeth African Theater of Operstiens, U.S. Army, 17 Avg. 1944, subject:
Report of Trip to Rems, in Connecticn With Sandty Fever and Bandfien. (3) Letter, Maj. Marehall
Herttg, 8aC, 16th Medical General Ladoratery, 6744 Medienl Center (OVHD), to Surgess, Nerth
African Theater of Operations, U.8. Army, T Ang. 1944, subject : Report of Trip to Barl. Itnly, for
Conference oan Bandfly Fever. (4) Letter (persesmal), Maj. Marshall Hertig, S0C, 15th Medieal
General Laboratery to Maj. O. B. McCay, MC, Director, Trepical Discase Coatrel Section, Dfice of
htlumaumnl.lllqt.lm (I)WMMLQNIC.WMMM
Marshall Hertig, 5aC. Natomelogist, Hypid legy Bection, 15tk Nedical Geaeral Laloratery, 8744
Modica] Ceater (OVED), to the Burgeen, Noeeth Afvican Theater of Operations, U.S. Army (threugh
the Commanding Oficer, 15th Medical General Labevatery), 13 Sept. 1944, subjoct: BSandfiles
(Phicbotomus) and Eandfly Fever in the Fifth Army. (Appondixes A, B, and C, therets.)
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an outbreak of sandfly fever. Fortunately, most of the cases were limited to
one corner of the bnilding (an illustration of the sharp localization of out-
breaks as encountered in Italy). There were certain rooms with 20 or 30 men
in which nearly every man contracted the disease.

First use of DDT.—After the first part of August 1944, by which time
control measures, inclnding the spraying of quarters with DDT, had been put
into general practice, the number of sharp outbreaks decreased. That this de-
crease probably was not seasonal was indicated by an epidemic in one unit
quartered in an apartment building in Naples abont three blocks from the
Peninsular Base Section headquarters. During Angust, when no control
measures were being taken by this unit, there were 30 cases among approxi-
nimtely 100 officers and enlisted men. 2. papetasii was found in the sleeping
quarters which occupied the fourth floor, showing that sandflies can be found
in significant numbers some distance (at least 50 feet) above ground level,
contrary to repeated statements in the lierature. After spraying with DDT,
the sandflies disappeared and the sandfly fever promptly ceased.

BAR] AND “HEEL,” ROME, AND SOUTH OF ARNO RIVER

In Italy, the Naples-Caserta area was by far the most severely affected.
At several installations of the Twelfth Air Force in the “heel” southeast of
Bari, there were scattered cases during July 1944, which caused some concern.
A survey of the Rome area in mid-August revealed relatively few cases. How-
ever, in a school building used as a barracks by the British, an outbreak accurred
similar to the ones experienced by American troops in Naples, but on a much
smaller scale. In the Fifth U.S. Army area, a survey made during the first
week in September, in the region south of the Arno River from Florence to
Cecina, showed that there had been very little sandfly fever. Very fow sandflies
were found near military installations, which were mostly located in open
country or woodland away from towns and villages.

SANDFLY FEVER IN CIVILIAN POPULATION

Little could be learned from Italian sources about the epidemiology of
sandfly fever in Italy. No published reports were located at the time these
surveys were made, although several such reports were subsequently found.*
Physicians in Naples and Rome had general or “textbook™ information rather
than specific knowledge about the diseass in their own cities. The population
of the endemic area seemed to be largely immune, and cases were limited to
childhood infections or sporadic cases which may not have been recognized as a
distinct clinical entity. In the Naples apartment house just mentioned where
the diseass occurred in a military unit, an investigation was made of civilian
families occupying the same building. The survey was made early in Septem-

%#(1) War Department Techaleal Bulletin (TB MED) 178, July 1945, (2) Peschie, B.: Osser-
vasion] cliniehe su na epidemia 41 fobbre da papataci, Pediatria 44: 41-51, January 1938.
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ber 1944 by Italian physicians “borrowed” for the purpose from one of the
Allied agencies. They found several actual cases and obtained histories of
others consistent with sandfly fever which had occurred during July and
August.

The cases reported for the Mediterranean theater in 1944 (a total of 4,363
with a rate of 6.72 per 1,000 per annum) were mostly from Italy, and the total
number which occurred was undoubtedly considerably greater than that re-
ported. In the Caserta-Naples outbreak, many cases, particularly early in
July, were reported as F.U.O., even though many medical officers recognized at
the time that they were probably dealing with sandfly fever. The diagnosis
of sandfly fever was made more freely in the latter part of the summer.

GREECE

The experience of the Germans in the Mediterranean region was apparently
comparable to that of the Allies, though there are few data available. Hall-
mann ® reported that on the Greek mainland in the Athens district and on the
islands about 20 percent of the German troops had sandfly fever in July and
August 1041,

The writer, while engaged in work on Phlebotomus and DDT in Gresce
in 1948, learned that the Germans who were quartered in Ellinikén, a suburb
of Athens near the sea, were troubled with sandfly fever. This suburb con-
sisted of substantial houses surrounded by open spaces and gardens. In 1945,
the British troops quartered in the same suburb also were considerably affected
by the disease. DDT had hecome available by that time, and its application
promptly put an end to the difficulty. In 1948, with no organised spraying
for at least & year or two, the writer found that P. papatasii were extremely
abundant in some houses.

It was also learned that about one-fourth of the personne] of the United
Nations Relief and Rehabilitation Administration living in the Athens area
had sandfly fever in 1945. Their quarters were sprayed with DDT in 1946,
and no further cases wers reported among 2,000 employees. After 1946, the
use of DDT had ' -ome general in all Greek, Americsn, and British military
installations, ar irom all available reports in 1948, sandfly fever was very rare.
Vector species

In Italy in 1944, P. papatasii was found aseocisted with sandfly fever out-
breaks wherever entomologic investigations were made. The species was abun-
dant and was practically the only one found in the affected buildings in Naples
and Caserta. A number of buildings in which there had been fow or no cases

yielded no sandflies. In the Bari section, P. papatasii in small numbers was
the only species found. While this species occurs throughout Italy and is

% Hallmansn : Beitrag sum Papputncifieher 1941 suf dor Balkanhalbinerl, Deutsche Trep.
Ttsche, 47: 6468, Feb y 1943. Ab et in Trep. Dis. Bull, 40 : §04-000, September 1943,

® Hortig, M.: Phichbotomsus and Residual DDT i Greece and Italy, Am. J. Trep. Med. 29:
773-808, September 1948,
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often the dominant species, it is rather irregular in its distribution. For ex-
ample, in an agricultural village near Naples, sandflies were moderately abun-
dant, chiefly in stables. The principal species was Phlebotomus perniciosus
with only a scattering of P. papatasii. These two species were occasionally
found in small numbers in buildings or masonry ruins in Rome. In the Fifth
U.S. Army area south of the Arno, where there was little sandfly fever among
troops, P. papatasii was rare, while P. perniciosus and Phlebotomus perfiliewi
were fairly abundant, especially in stables. Until actual transmission experi-
ments are undertaken with these and other species, they cannot be ruled out
as vectors of sandfly fever. So far as Italy was concerned, however, Army
experience confirmed the reported close association of P. papatasii with the
disease.
Strains of virus and immunity

The Commission on Neurotropic Virus Diseases, Army F.pidemiological
Board, obtained immunologically identical strains of sandfly fever virus from
Sicily and tks Middle East in 1943. A strain from Naples obtained in 1044
was found to be distinct, with no cross-immunity with the other strains (p.
167). This has some bearing on the general question of repeated attacks of
sandfly fever. Reporis from Italy and the Middle East, and information
from DBritish sources in regard to West Africa,?” indicated that second attacks
had occurred in the same season, especially following a change of station. In
general, the evidence from both civilians and troops who remained in an ares
for successive years indicated that one attack confers a high degres of immunity.

Pacific Areas

No authentic case of sandfly fever is known to have occurred either in
Army personnel or in civilians during military operations in the Southwest
Pacific, Central Pacific, or Western Pacific Areas® Reports of some cases
were made, but none was confirmed on further investigation.

Japan.—This was the only ares in the Pacific for which intelligence re-
ports indicated that sandfly fever had occurred previously. Reports stated
that the disease was “prevalent over practically all of the southern part of
the Japaness Empire.”* If sandfly fever did occur there, the occupation by
U.S. forces was too late in the season to encounter it. Limited inquiry among
the responsible medical profession in Tokyo failed to elicit confirmation of
the presence of the disease in Japan, though occurrence of dengue and other
confusing febrile conditions was admitted.

#(1) Geseral Report, No. 1 Modieal Ressarch Station, Directorate of Biological Resrarch, Britich
Army Modleal Sorvices, datod September 1943 to March 1943, () Sendily Fover and Pyrexias of
Unknown Origin Resembling 1t. (3) See feotnete 13, p. 117.

# This section ou the Pacific areas was written by Lt. Col. (later Col.) Coraeliua B. Pifitp, 8aC,
Executive Ofieer, Scrwb Typhus Team, US.A. Typhus Commimsion, Headquarters, Ofice of the Chief
Surgees, U.5. Army Forces, Westers Pacific.

B Army Serviee Forces Manual N334-13, Civil Afalrs Handbook on Japan, Bection 13, Public
Hoealth and Sanitation, 10 Feb. 1045, p. 91.
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Australia and the Philippines.—In Australia and :he Philippines, three
and seven species of Phlebotomus, respectively, had been described. Only
one speciee in each country, however, had been recorded as attacking man.
The one in Australia is so limited seasonally and geographically as not to
constitute a problem in disease transmission. The species in the Philippines
has been reported as more common in certain areas at the proper season and
was found actually biting troops in the San Jose area of Mindoro at a time
when F.U.O.’s were recorded at the 13th and 165th Station Hospitals. Early
in the action of the Western Visayan Task Force on the beachhead in this
location, 20 cases of sandfly fever for the 4-week period ending on 23 Febru-
ary 1045 were reported to the Office of the Chief Surgeon by a portable surgical
hospital. Most of the cases were later proved to be infectious hepatitis in
the preicteric phase. Nevertheless, many cases of F.U.O. and denguelike
fever, on which terminal diagnosis could not be changed, continued to be
reported as sandfly fever by hospitals in this and other areas of the Philip-
pine Islands. Thirteen iced sers of patients in the febrile stage at the 13th
and 165th Station Hoepitals, Mindoro, were forwarded by Army courier on
10 April 1945 for study by the Army Epidemiological Board in connection
with an experimental assay of sndfly fever and dengue. Results of inocula-
tion of two volunteers with a pool of two of theee sera were negative. The
occurrence of sandfly fever in the Philippine Islands remains doubtful.

New Guinea.—Many reports of “sandfly bites” were received from troops
in beach areas, particularly at Oro Bay and Finschhafen. The only ares in
the mountains from which similar reports were received was Hollandia. In
view of denguelike fevers and F.U.O.'s continuously reported in troops at
the various bases, these reports were closely checked and were found in all
instances to be due to minute biting flies related to Cwlicoides which are often
called “sandflies” in the United States. The capability of these flies to trans-
mit sandfly fever is unknown. Two undescribed species of Phlebotomus were
found to be abundant in the forested areas over most of New Guinea during
and following the rainy season. They were never taken in the act of biting,
and troops on maneuvers or patrol in these places never reported bites of a
nature atiributable to PAlebotomus. It was presumed that the females, which
were captured after recent feeding, had fed on reptiles or other local vertebrate
fauna and not on man.

Sera from patients with fevers of short duration and doubtful diagnosis
were returned from New Guinea by courier for use in volunteers in the afore-
mentioned study. Four strains of typical dengue were recovered, but no ssrum
produced sandfly fever

Although cases of sandfly fever were reported at certain bases in New
Guinea, there was no presumptive evidence that the dissase occurred in troops
during action in New Guinea and adjacent islands in the Southwest Pacific
Area.

» Phllip, C. B.: Infectivity of Dengue Serume Trunsported 1 Ordinary Ice by Alr. Bell. UK.
Army M. Dept. 5(2) : 224-227, February 1948.
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CONTROL AND PROTECTIVE MEASURES

Before the war, no reliable method of controlling Phlebotomus was known.
In the Mediterranean and the Middle East, the British for many years had
practiced certain palliative measures, such as removing rubble, cementing
masonry cracks, and treating soil, particularly cracked soil, around barracks
with creosote or oil. Protective measures consisted chiefly of the use of fine-
mesh bednets, the importance of which has long been recognized. Strong
currents of air, either natural or produced mechanically, were found to be
of some value. Direct killing by means of sprays was also employed. The
only repellent available was citronella oil, of rather limited usefulness.

Repellents

At the beginning of the war, insect repellents became the subject of in-
tensive research by Government agencies and the Armed Forces, chiefly in
connection with mosquitoes and malaria. New repellents were adopted by
the Army in 1942 and were issued toward the end of that year. Indalone
(butopyronoxyl), the first repellent issued, was superseded early in 1943 by
the much more effective Rutgers 612 (2-ethyl-1,3-hexanediol ), and by dimethyl
phthalate. These in turn, as stocks were used up, were replaced by a 6-2-2
mixture of dimethyl phthalate, “612,” and Indalone; this mixture was adopted
late in 1943.

Experimental tests.—Studies carried out by the Corunission on Neuro-
tropic Virus Diseases, Army Epidemiological Board, in Cairo in 1043 showed
dimethyl phthalate to be effective against P. papatasii for a period of 5 to ¥
hours. In an experiment involving two groupe of soldiers, cases of sandfly
fever in & group which used the repellent were markedly fewer than in one
which did net.

Tests of repellents “612,” dimethyl phthalate, and the 6-2-2 mixture car-
ried out in Peru in 1944 » showed that all three were approximately of equal
effectiveness against local species of PAlebotomus. They guve protection for at
least 3 hours and at times for as long as 5 hours. These repellents, developed
for protection agsinst mosquitoes, proved to be even more effective agsinst
sandflies.

It was the personal experience of those conducting investigations in Peru,*
Italy, and Palestine that conscientious uss of any of the Army repellents pro-
vided complete protection against sandfly bites. However, it was the practi-
cally universal experience during the war that it was difficult to get troope to
use repellents against either mosquitoes or sandflies except when the men were
suffering pronounced annoyance from insect bites.

% Hertig, M., and Fairchild, A. G. B.: Studies ou Repellents, Sprays, and Other Coatrel Measures
Agalast Philshotomus Carried Out In the Rimac Valley, Poru, Docomber 1943, January 1944. Moathly
Progress Repert No. 4. Contract No. OEMcmr-39, Buppl. No. 2, for Commitiee on Modical Rossarch
of the Ofies of Sclentific Ressarch and Development, 15 Feb. 1944,

= Hertig, M., and FairchBd, G. B. : The Control of Phichotomus in Feru With DDT. Am. 1. Trep.
Med. 38 : 30T-330, March 1048,
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PROTECTIVE MEASURES IN VARIOUS THEATEKS

Prior to the introduction of DDT in 1944, the protective measures against
sandflies employed by the U.S. Army consisted of th:e use of (1) the sandfly net
(about 30 meshes to the linear inch) which was issned instead of the mosquito
bar made of ordinary unetting (about 18 meshes to the inch), (2) repellents,
and (3) pyrethruin sprays or the Freon-pyrethrum aerosol bowb. Removing
or oiling rubbish heaps and rubble and oiling areas around tents and buildings
were occasionally carried out®

India.—In India in 1943 and 1944, no special protective measures against
sandflies were used. DBeduets were not of the fine-niesh type. Repellents and
insecticides, though used as geueral measures against insects, were not issued
in sufficient quantity until later. In 1945, DDT residual spray was commonly
employed throughout the theater, both in military installatious and in nearby
native dwellings.

Italy.—In Italy, antisandfly measures were instituted within a short time
after the ontbreak of sandfly fever early in July 1944, They consisted chiefly
of the use of repellents, sandfly nets, and the acrosol bomb, and, in some cases,
spraying with DDT. 1In the surveys made by the writer in August 1844, it
was found that there was considerable carelessness and irregularity in the use,
maintenance, and method of using bednets. Also, a number of the nets were
of the coarse-mesh type, which provided no protection against sandflies. Re-
pellents wers not being systematically applied by the troops. Efforts were
made to correct these conditions, with some success. Very few of the U.S.
personnel, including medical officers, had any resl information about sandflies
or even any idea of what they looked like, although in a number of instances
sandflies were abundant and in plain sight on snooth white walls near beds.
The demonstration to both oficers and enlisted men of live sandflies and how
to look for them was found to be a great aid in arousing interest and securing
cooperation in carrying out protective measures.®

The results of the Freon-pyrethrum aerosol bomb were not evaluated at
the time in terms of sandfly reduction. It is known, however, from studies
made in Peru that thorough spraying with pyrethrum or with the aerosol
bomb provides a high degree of protection for a number of hours or even an
entire night.

DDT in Italy.—The residual spraying of quarters with DDT was prac-
ticed on an increasing scale in Italy during the summer of 1944, usually in
connection with malaria control. By the first of August, it had become virtuslly
routine to use DDT wherever outbreaks of sandfly fever appeared. The DDT,
combined with other protective measures, usually caused a prompt improve-
ment of the situation. In studies made during the latter part of the summer,

® Monthly Sanitary Repert, Persian Gaif Service Command, 11 Aug. 1943,

% For the instruction of entomologists, parasitolagists, and medical oficers, severa] Italian spocies
of Phicdotemus were reared at the 18th Medical General Laberatery. Whike the technique Is net
widely known by American entomologiats and requlrrn mowme skill and experience, It bas become more
oF lesn stnndard nnd Is described In the literatnre of experimental studics on the madiyborne discssen.
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it was found that wherever DDT spraying had been adequately carried out,
sandfly fever had ceased, and no more sandflies were to be found. The spraying
was not always done well. For example, the cavalry barracks at Caserta were
sprayed within 2 weeks after the outbreak began, with some improvement in
the sandfly fever situation. However, only hand sprayers were available for
treating this large structure which had very high ceilings. The result was
that only about one-quarter of the necessary quantity of DDT was applied, and
the coverage was very uneven. Sandflies continued to be moderately abundant
in the building. The spraying was done again, more thoroughly, and the
sandflies disappeared.

Controlled experiments were not possible in military installations where
all available protective measures were used simultaneously. However, obser-
vations at various places in Italy, where DDT spraying was done either in
connection with sandfly fever or for other purposes, together with the experi-
mental work to be discussed, warrant the conclusion that DDT residual spray
was the most effective single method of sandfly control.

Experimental Studies With DDT

Preliminary experiments with DDT residual spray in Peru in 1944 gave
promising results. The flight habits of all known species of Phlebotomus
render them extremely vulnerable to the residual action of DDT. They pruceed
normally by means of very short flights with relatively long pauses, so that in
the process of entering a building they spend considerable time on both the
outer and inner walls before attempting to feed (fig. 5).

Toxicity of DDT for Phlebotomus.—In Italy, it was found that contact
for 2 or 3 minutes with residual DDT caused agitation of sandflies and that in
the case of two species & lethal dose was secured within 6 to 15 minutes; P.
papatasii. however, required from 15 to 30 minutes.

Experiments, Naples.—Spraying the outer walls of stone stables in a
village near Naples reduced to stragglers the sandflies which could be found
inside. while normal numbers were found in untreated buildings. P. perniciceus
was the principal species in this area. The effect lasted throughout the 4 to 5
weeks of obeervation.

Experiments, Palestine.—In Palestine, controlled experiments were car-
ried out near the Dead Sea in October and November 1844 ** where P. papatasii
is extremely abundant (fig. 6). It was found that spraying the inner walls
and ceilings of buildings provided complete control, with no bites reported,
while spraying the outer walls or merely the doors and windows, together with
a foot or two of the wall surrounding such openings, reduced sandflies by about
75 percent and gave comparative freedom from bites. An experiment with
sprayed tents, although interrupted, indicated that the results would be com-
parable. It was recommended that rooms be sprayed inside, together with open-

®Hertig, M.. and Fisher, R. A.: Control of Sandfies With DDT. Bull. U.S. Army M. Dept.
88(3) : 97-101, May 1945,
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War 1I, would also doubtless destroy many adnlt sandflies nlong with the
mosqnitoes. This was indicated by incidental observations made by the writer
on sandflies during airspray experimems earviedd ont. by the US. Army in
Panama in 1945, but the data are not conclusive since the experimental areas
to begin with had relatively few sandflies.

In the event of military operations in a forest nrea where sandflies were
disease transmitters or pests, residunl DDT on tentage or structures could
be expected to give indoor protection. In addition, the writer considers it
probable that considerable rednction of sandflies in the immediate area could
he achieved by spraying exposed rocky surfaces and the buttresses and trunks
of larger trees, with particular attention to hollow trees and to places where
animals were picketed or corralled. This statement is based on the writer’s
observation on the habits of sandflies in forests both in Panama and in Para-
guany. They commonly alight on larger objects in their path, which could
lie rendered lethal by DDT.

Airspray.—The effect of airspray in village or urban areas nay merit
investigation. A suburb of Athens was sprayed from the air during the sum-
mer of 1946, There was consistent local testimony that sandflies had been
abundant but ceased to give nnnoyance. Since n method of this type might
linve military applications, it wonld be desirable to determine experimentnlly
the limits of its usefulness.

SUMMARY

Of the sandflyborne diseases, only sandfly fever was an important mili-
tary problem during World War II. A general account of the epidemiology
and military history of the disease is given. Over 18,000 cases were reported
in U.S. troops from the Middle East, Asiatic, and Mediterranean theaters
(tnble 20). Undoubtedly, a great many additional cases were reported as
F.U.O.s, and it is probable that the total of sandfly fever cases approached
24,000. Areas with particnlarly high rates were Sicily (during the invnsion
in 1943), and the Persian Gulf Command.

The greatest incidence among troops in actual combat was during the
Sicily Campaign in the summer of 1943. Military operations were also hamp-
ered by sandfly fever in Italy in 1944,

Sandfly fever occurred only in known endemic areas, with the exception
of the eastern part of India and parts of Burma where it had not previously
been recognized. Association with P. papataesii, known to be a vector, was
demonstrated in Italy and the Middle East. Species of Phlebotomus were
present in all areas where the disease occurred.

Special studies on the etiology and transmission of s udfly fever were
carried out in the Mediterranean and Middle East theaters in 194]. Two
immunologically distinet strains were isolated. Epidemiologic and entomo-
logic studies were made in Italy and Palestine during 1944.

In all theaters, the standard protective measures against biting insects,
inclnding mosquitoes and sandflies, were available. These consisted chiefly
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of repellents, saudily nets, and the Freon pyretheni, s coso daapensers,  “Fhese
muterinls, when properly nsed, weve proved (o be effective. bt 1hair applica
tion was sometimes irregular.  Control studies mnde i ey, Palestine, 1o,
and Greece shawed tlmt the DDT resulnal spray wax extremel: effiective
agminst sandflies.  ‘The method of applying residan? DT, which has levone
stndnrd in malaria control, nmmely, spraynz ilw iuner widls and ceilings
of dwellings and aninl shelters, also gives virtially complete protection
agninst sandflies mdomx aned, iz 1he ense of compact conmaninwes, satdones
as well ax within the trenfed nven,

Part 1l. Experimental Studies

Albert B. Sabin, M.D.
HISTORIC.AL NOTE

Al that was kaown with certainty in 1940 coneerning the virns of samxdfly
fever wans that it. wus n Gilternble ngent present in the blood of patients 1 (02
tays before midd for 1 day after onset of the iever, and that 7°. papatasii was
enpable of transmitting the infection from man tn man.  Sinee the elinieal
manifestations of sandfly fever are not in themselves sufficiruily e'mmcteristic
to perniit identilicatione of an nukuown, filterahle agent, it wns clear to the
critical investigmtor that prinry identiticn ion of the virus of sindfly fes or was
a difficult nntter which could not be reganded as complete without the denyon-
stration of its transmimsibility by 7°. papatanii.  Sinee this type of critiesl
identification was apparently toa diflicult for most investigutors, the literature
contained a good many incomplete olvervations and conclusions lased on inads-
gquatelatn which at best left the suhject in a somewhat confused state.

The work reportead by Shortt and hix associates* in India betwiren 1934
and 1939 was particularly intrigning, althongh inconclusive. These mvest-
gators reported that human infections »erum (presumably containing the sand-
fly fever virus) produced a fehrile illness in Macacn rhexus monkeys.  Nithough
the blood of such monkeyr npon inoculation in human volunteers produced.
after an incubation period of & to 7 ayx, ouly vague symptoms of headache
and generalized malaise without Wlistinct fever (which might have been mild
serinm sickness), and although no sudies on the leukocytes were enrried out
nor passuge to other valunteers attempted, it was, nevertheless, concluded that
sandfly fever “appears” to have been transmitted to monkeys.

= (1) Bhortd, 8. F.. Pvole, L. T., nnd Ktephens, K. ).: Randfiy Fever on Ihe Indian Fronller : A
Preliminary Note on Home laboralory Investigallons. 3. Rey. Army M. Corpe 63: 361, eermber
1934 64: 17, Janwnry 1935,  (2) Rhortt, 1. I, Ras, k. K. and Swaminath. C. £.: Cultivalion of the
Viruses of Snadily Fever and Ilengue Fever on (he Charie allaniole Memdrane of Ihe Chick: Embryo
Indlan 3. M. Research 23: REN-870. April I1D38. (3} Rhartl, H. K. Fandll, C, G, and Ran, R 1.
The Virun of Randfly Fever In t'ultare and Certaln of lis I'roperties. I1ndian I M. Resrareh 268 ¢
228 2319, July 1938,
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Shortt nnd varions associates also report--t that infectious hnmman serim
(again presnmubly containing the «=ndfly fever virus) produced lesions on the
chorio-ullantoie membrane of en.bryonated eggs, which could be timnsmitted
in series with filtered extructs of these membrunes nnd be prevented from de-
veloping by the sermm of patients convalescent from sundfly feve:  “hey
conchided from these dutw thnt “the virus of sandfly fever has been enh.  ed
by the chorio-ullantoic membrane tecluique nnd in tissne cultnre and the enl-
tures carried throngh mnnerons passages.” Then. on the nssimnption that. the
produetion of lesions on the chorio-allantoie mewmbrane could be used as an
indicutor of the presence of virus, these investigators reported on vurions prop-
erties of this virus. Thus, the virus was said to have a size of 160 mu.*

In a communication presented at the Third International Congress of
Microhiology in 1939, Shortt and his coworkers *® smommrized their studies
on the sandfly fever virus as follows:

This virus has been maintalued In culture on the chorlo-allantoic membrane of chick
embryos and In tissue culture for 41 and 41 punsnges, respectively,

The cxltured virus has deen shown to posaexs no pathogenic propertics for man and
laboratory animals, whatever the route of inoculotion.

The virus lins been demonsirated In the bloodstream of monkeys Inoculated subcuta-
neounly up to a nmximum of 19 dayx. In human cages of the dlsease occurring naturally,

the virus is nsnally demonstrable In the bloodstreamn for 7 days, and In o ense was
demonstrable for 28 days.

In the case of inoculated wmonkeys, nentraiizing antlbodles have been funnd present
up to at least 69 days. Attempts al the prophylactle Inoculailon of human belngs with a
vaccine containing live virus have been made. Two doges of vaccine, with a week's inter-
val hetween doses, were given. In the inoculatetl persons, the presence of virus clreulating
In the peripheral hlood was demonstrated 5 dnys after the second dose of viuceine, Thirty-
five days after the second dose of vacclne the rera of some of the vaccirated persons
showed the presence of neutrailzlng antibodles, whiie those of others shinllarly vacecinated
talled to do so. Infection of the vaccinnted persons and controls with Infectlve serum
fram sandfly fever cnses gave inconclusive resnlts.

Thus, nlthough the cnltirred virus was not patliogenic for man and the
infection experiments in persons vaccimted with this cultured material gave
inconclusive resilts, these investigators did not entertnin the conclisian that
they might not be dealing with the virns of sandfly fever. Fuithermore, al-
though in experiments on human volunteers the virus of sandfly fever had not
been found beyond 24 hours after onset of the fever, the chorio-allantoic mem-
brane technique seemed to reveal the presence of a lesion-producing agent
(virus?) for as long as 7 duys and, in one instance, for 28 days,

While the experiments of Shortt and his coworkers with chick e.nbryos
were thus inconclusive, they were, nevertheless, followed hy reports of Russian
workers in 1940 and 1941 which, however, did not become available to ns until

% The figure of 160 mx should aclnally have been given as 190 10 285 mg. since the membrane wilh
an average pore dlameter of 430 mx just permitted the “activily*” tv pass, while lhe 380 mx-membrane
held 1t back. Using Elford's generally accepted formula, the particle stse shoulil have been taken as
% to & of 330 ma.

® fihortt, ¥I. E., Pandit, C. G., and Anderson, W. M, E.: Studies on Sandfly Fever, Abstracts of
Commualeations, Third International Congress for Mlcroblology, 1939, p. 133.
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they were abstracted in the T'ropical Discases Bulletin in April 1943, In the
1940 report, Demina and Levitanskaja® stated not only that the sundfly
fever virns (sernm of patients with the disease) produced lesions in the
chorio-allantoic membrane, which could be prevented by mmmme serum, but
also that the whole membrane and whole embryos produced “typical phleboto-
mus fever” in eight human volunteers. It was added, however, that “injection
into seven volunteers of [suspensions of | pieces of chorio-allantoic membrane
taken neur the site of inoculation (from primnry and subcultures) failed to
produce infection or immunity.” In the 1941 report, Demina ** stated that
sundfly fever virus inoculated directly mto the yolk suc of chick embryos
produced cnltures in which both the chorio-allantoic membrane and embryo
were virulent, as demonstrated by successful infection of mental patients. The
abstract farther went on to say:

¢ * ¢ Of the two stralns maintalned by her, one was virulent after 30 subcultures,
the other after 26, thongh in both the virulence wis contlnuonsiy amanifested only till

the tenth subculture. Later pussages behaved in an Irregular manner, some loslng not
only thelr virunlence but also thelr antlgenle propertles.

Aside from: these rather conflicting reports on the behavior of the samlfly
fever virus in chick embryos, the available data indicated that no clinically
apparent disease was produced in guinea pigs, rabbits, or dogs as a result of
extranenral injection of human serum containing the virus. There wans no
record that the method of intracerebral inocnlation of rodents had been
explored.

As regards the natural history of the virns, nothing was known of its
possible presence in hosts other than man and P. papatasii. 1t was assumed
that the virus persisted in nature as a resnlt of transovarian passage from one
generation of infected Phlebotom: to another—an assumption which received
considerable support from the rather detailed experiments on humnan volun-
teers reported in 1937 by the Russian investigators, Moshkovsky and his
associates.*

OBJECTIVES OF RESEARCH

‘The high incidence of sandfly fever among British troops stationed in
Palestine and the Middle East ** since 1939 and its appearance among A meri-
can troops in the Middle East and the Persian Gulf Commands,** as well as
in the Asiatic theaters in 1942 (p. 118), led the Commission on Neurotropic

= Demina. N. A, and Tevitanskaja, P. B.: Studles on I'appataci Fever. X. Attempts to Cultivate
the Virus oa the Chorio-allantols of Chick Embryo. Med. Parasltol. (Moscow) 0: 272-254, 1940.
Abstract In Trop. Dis. Bull. 40: 305, April 1943.

“# Demina, N. A.: Studies on Pappataei Fever. X1. Further Invemigations on the Pappatacl
Virus in Culture. Med. Parasitol. (Moscow) 10: 271- 283, 194]1. Abstract In Trop. Dis. Bull.
40: 305, April 1943.

1 Moshkovsky, 8. D.. Demina, N. A, and others: Studles on Pappatacl Fever. VIII. On the
Presence of the Virus In Phlebotomi Born From Egga Laid by Infected Females. Med. Parasitol
(Moscow) 8: 922, 1937,

(1) Walker, A. 8, and Dods, L.: Clinical Impressions of an Epidemic «f Sandlly Fever In
Palestine During 1940, M.J. Australin 1: 345-349, March 1941, {2) See footnote 13, p. 117.
< See footnote 135, p. 118.
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Virus Diseases, Army Epidemiological Board, to mndertake experimental
studies on this disease. The first group to concern itself with this work con-
sisted of Dr. John R. Paul, Director of the Commission; Maj. (later Col.)
Cornelius B. Plilip, SnC, an entomologist ; and this anthor, a virologist. This
gron)» of workers made u preliminary survey of the disease in the Middle East
and Palestine and set np an experimental ward and laboratory as part of the
38th Geneval Hospital at Cnmp Russell B. Huackstep in the desert approxi-
mately 8 miles outside of Cniro. One building was especially altered for this
purpose and screened with special care against sandflies. It was ready for use
on 20 May 1943 and was maintained as an active Jaboratory until 15 December
1943, The objectives of research on this disease were as follows:

1. As an immediate step, to determine whether any of the available
mosquito repellents might be effective in proiecting agninst the bites of .
pupataxii,a procedure which might then be used in an attempt to protect agninst
this disease.

2, To recover one or more strains of the virus of sandfly fever by repro-
duction of the disease in human volunteers and to make positive identification
by transmission through P. papatasii raised in the laboratory from ova of flies
previously proved to be noninfective.

3. To attempt to infect a large variety of lower animals and to cultivate
the virus in embryonated eggs, simultaneously with the work on infection of
human volunteers.

4. To develop an adequate source of the virus from lower animals, em-
bryonated eggs, insects, or human beings, which might be used for the elabora-
tion of a specific diagnostic test as well as for studies on artificial immunization
against the disease.

5. To investigate the possibility of transmission by vectors other than 2.
papatasii, especially parasitic arthropods indigenons to epidemic zones and
mosquitoes prevalent in the United States.

EFFECTIVENESS OF REPELLENTS UNDER NATURAL CONDITIONS

In May 1943, nothing was as yet known regarding the effectiveness of
DDT against P. papatasii. It was also clear at that time that no matter how
successful the experimental studies on sandfly fever during the coming sum-
mer might prove to be, they would have nothing to offer in the way of specific
biologic control during the 1943 season. An immediate investigation of the
possible value of insect repellents then available to the Army in large quan-
tities was, therefore, indicated as a measure which might be of practical value
in the control of the disease in the forthcoming months. This study was
carried out with the help of Prof. S. Adler and Mr. 8. Arkin, of the Hebrew
TUniversity in Jerusalem. Lt. Col. C. H. S. Little, British Deputy Director of
Medical Services in Palestine, not only lent his cooperation but also served
as a volunteer in the studies. Two repellents, greaseless and practically odor-
less after application, were investigated: (1) A British preparation consisting
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of a vanishing cream containing pyrethrum, and (2) an Awerienu tlhnd prepa-
retion (called Skat commercially) containing dimethyl phthalate. 1’rofessor
Adler pointed onty and it was later confirmed by observation, that dnring a
period of study us short as 15 minntes the lnrgest mmuber of bites und feeds
might be expected from Phlebotome contained i a closed test tube, a lesser
number from flies in an apen ganze-coveved tube, und leust of all from flies
in a fonirly large nauslin-covered wire cage. Areas of skin (ubont 1.5 e, in
diameter; that is, the internal dimmeter of the test tube) on the flexor surface
of the forearms either treated with repellent or untreated were to be exposed
to approximately 20 unfed Phichotomi. While this method of testing did
nat reprodnce natural conditions, it, nevertheless, provided a technique by
which the effectiveness of different. repellents conld be estinmted und com-
pared. 'To supplement these tests, the sume repellents were nlso stidied under
natural conditions in sleeping vooms ocenpied simultaneansly by treated aund
untreated individnals,  The large nmnbers of ?Alebotomns flies reqnived for
these tests could be obtnined on short notice at that time of the year only at
the Dead Sea post where quarters and fncilities for this work weve obtained
through the courtesy of the Palestine Iotush Company. Mr. Belferman, the
walaria control officer of the company, not only nude nll the arrangements for
the working and sleeping rooms but nlso helped find aund cateh the £*Alebotvmi
which were needed for the experiments. Seven .Awmerican volmteers, of the
Levant Service Commmand, attnched to the 24th Station Iospital in Tel-
Litwinsky, Palestine, participuted in this study.

The closed-tube tests swmmurized in table 21 indieated thut both the
British und Americnn preparations possessed repellent properties but that the
effects produeed by them under the special experimental canditions were some-
what different:

1. The protection afforded by dimethyl phthalate, while it lasted, was
almost. complete ngainst both biting und feeding. With the British cream,
however, the hites were greatly rednced in mmuber but not entirely prevented
although, with few exceptions, it so affected the treated skin that the flies fuiled
to feed on it for a longer period thun in the case of the dimethyl phthalate,

2. With diinethyl phthalate, the period of protection ended, that is, the flies
bit and fed again as on the coutrol areus, ut 614, 7, and 8 hours, respectively,
in the three subjects. With the British cream, a definite endpoint was not
established because the protection was only partiul against biting throughout
the period of the test, but still practically complete at the end of 9 hours as
regards the failure of the flies to engorge on the treated skin.

The open-tube tests were unsatisfactory except in two volunteers who
were treated with dimethyl phthalate. The resulis again indicated that this
preparation protects for G to 7 hours but not for 8 hours under the conditions
of these tests. The impression gained from the control tests under natural
conditions in sleeping quarters was that both the dimethyl phthalate and the
British cream, when properly applied to all the exposed skin surfaces, may
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TAsLE 21.-—Repellent tests against 1°, papatasii, closcd-tube method

Eflect of applying approximately 20 female flies first to treated and then to
untreated site 1
vy 8 Subject B Bubjers €
pfter ubjct A blect ubjer: C
Repellent tested .p'lﬂ; &
cat
Treated Untreated Treated Untrested Treat] I Untreatcd
- -~ —— I
Bites |Feeds| Bites | Feetls| Bites |Feeds| Bltes {Fends, Rites Foeds| Bltes, |Feeds
i .
! 10 ul 1 ] e
Dimethy{ phthalate..._.. 3 o| o] o] so of o 2 ! 2| 2 0 0
4 ol o ol o ol o 2| o 1 1 0 q
130 1 1 ] 2 i ¢ [ 2 0| e [ s
7 of of ) w| = 7 20 o 3 7
8 ? 8 2| s I3 t 4 2
Subjct D Subject € Suhject F
] 10 1 ] " 10
British pyrethrum cream . 3 1 0 1 1 5 1 ol o 1 0 4 4
1 3 0 2 1 2 0 ol o 3 o 1 t
64 3] of el o 4 2 2] o 2 [ s 1
7 ] 0. 1 1 4| o 5 2 s/ o 0 [}
) [ 2, 4| 2 21 o 7 3 s! o 2 2
0 al o s} a 5| 1 4l 3| 8| o 3 3
l i
1 Floxor surface of left forearm d with repelient; right t d; dirferent batches of 20 Bies were used
for each teet.

2 The failure of the fliea proviously axposed to the created side to bite or feed on 1he untreated side shows the extent
to which the flies were “knocked out'* by the repeliant.

Note.~The {talic figures represent the behavior of the flies ol the untreated skin and are the control for evalusting
the of 1he rep tested.,

give adequate protection against the bites of P. papatasii during the usual
8-hour period of sleep (table 22).

None of the exposed American volunteers developed sandfly fever, sug-
gesting that the Phlebotomi which were used either had a very low infection
rate or were uninfected—a factor of importance since the progeny of these
flies were subsequently used for the experimental transmission tests in the
desert laboratory.

As a result of these studies ** and in the absence of any specific immuno-
logic methods of control, it was believed that for 1043 repellents might probably
be used with profit in attempts to reduce noneffectiveness due to disease and
loes of sleep resulting from the bites of P. papatasii. The studies indicated
that in routine practice two applications of the repellent would be required,
one at sunset and one before retiring. It was estimated that the total amount
of liquid repellent required per man per day would be about 10 cc.

4 (1) Letter, Maj. Albert B. Babin, MC, Virus Commission, Headquarters, U.B. Army Forces in
the Mlddle East, to Col. 8. Bayne-Jones, MC, Division of Preveative Medicine Service, Office of The
Sargeon Generzl, 14 June 1843, Report losed thereto, subject : Preilminary Observations on the
Effectiveneas of Certain Repellents Agalnst PAlebotomus papatasii. (2) Bee footuvote 7, p. 110.
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TasLe 22.—Effect of repellents under nalural condilions in sleeping quarlers al night

! 14 May 1943 | 15 May 190
Hoom Rubject —_ ] —
Treatment Resull Treatment Resull

S___.._..] Untreated..._.| Unable to sleep || Untreated for \ 25 bites.
because of first 10
Innumerable || minutes,
bites all | Dimethyl 8Slept through
through the phthalate, . night; no
night until Exposed un- . bites.

1 6 a.m. when ! treated chiest 2 bites within

subject aroee. at 6 a.m. 2 miuntes.

L. __..__| British cream | Blept through Untreated for 25 bites.

applied night; 1 bite first 10
12:30. on arm, 7 minutes.
a.m., 1 biteon
ankle, 8 a.m.

Sa....-.. Untreated. ... Unable to sleep || Untreated. ._.._.| Unable to sleep
because of in- | because of in-
numerable numerable
bites. | bites.

2 i8e . British cream | No bites felt; British cream___.| No bites; slept
| applied slept right right through
| 10:45 p.m. through night. night.
ilp. . ___| Dimethyl No bites; slept || Dimethyl Deo.
| phthalate, right through phthalate.

il p.m. night.

D ...... Untreated....| Felt no bites; Untreated. .. .- .| Bltten many
siept welld || times.

A ol do..o.._. ... doto_____._ L do___._._._ Bitten many

‘i times; unable
| to sleep.
3ipo ..... British cream. |- ... .doJ.. .._._.|| British cream___| No bites felt;
slept right
through night.
Dr ....| Dimethyl  ([..__. do.)..__..._|| Dimethyl Deo.
phthalste. phthalate.
11t was » cool night end subj) p y covered with blankets,

Noarz.—Approximately 150 unied feale P. pepetesii libarated in sach room on the night of 14 May. On the night of
18 May, approrimataly 140 were liberated in room 1, 125 in room 2, end 200-250 in room 3.

The effectiveness of dimethyl phthalate for the control of sandfly fever
under natural conditions was tested during & small outbreak amorg Ameri-
cans quartered in an inhabited area of Cairo, Egypt, during September and
Oc*ober 1943. The results, published in detail, by Philip, Paul, and Sabin +*
were a8 follows:

The men in a given barracks were divided into tv'o groups. The repeiient was issned
to one group [82 men to begin with] and an inert control sointion to the other {88 men to

% See footnote 14(1), p. 117,
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begin with]. Directions for the application of these soiutions when the men retired at
night were the same for each group. Of the men receiving the repellent, 42 percent re-
ported relief from bites; of those receiving the control soiution, 12 percent reported reiief.
Of the men recelving the repellent, 2 acquired sandfly fever during the 5-week experimental
period ; niid of those recelving the control solutions and no solution, 12 acquired sandHy
fever. Both men who “used” the repellent and acquired sandfly fever acknowledged that
they had not fnllowed directlons and had failed to apply it for several consecutive mights
prior to acquisltion of the disease. ®* * * Dimethyl phthalate as nn Insect repellent is
reconunended as a method for the control of sandfly fever. It has heen tested daring an
epldemie and shown to be of apparent value.

STUDIES ON AMERICAN VOLUNTEERS IN EGYPT, 1943

Recovery of agent.—The source of sandfly fever virns was the blood of
patients in the first 24 hours of the disease. The patients came from among
British troops who had contracted the disease in the vicinity of Cairo and from
among U.S. troops stationed at Deversoir Field on the Suez Canal. Approxi-
mately 50 cc. of blood was obtained from each patient ; the serun was separated
and stored in the frozen state at the low temperature produced hy solid Q..
The following points were established in each ease before any serur.a was in-
cinded in the pool that was to be inoculated into t he human volunteers:

1. The subsequent clinical source of the disense had to be compatible with
that of sandfly fever.

2. The presence of P. papatasii in the area from which the patient came
had to be demonstrated by a member of the Virus Commission.

3. The patient’s past history should have had nothing to contraindicate the
use of his sernm in other human heings—syphilis and jaundiee having been
especially ruled out.

4. A negative Kahn test and bacteriologic sterility had to be established.

When a sufficient amount of serum satisfying thes: eriteria had been ac-
cumulated, & pool derived from 11 patients was prepared, and on & selected day
the pooled serum was inoculated into human volunteers, monkeys, hamsters,
white mice, gray mice, desert rats, rabbits, and guinea pigs. The same poozed
serum was also inoculated by different routes into embryonated eggs onto the
chorio-allantoic membrane, into the allantoie sac, or into the yolk sac.

The human volunteers were chosen from among U.S. troops without a
previous history of sandfly fever who had arrived from the United States after
the last sandfly season. They were quarantined in special, air-conditioned,
sandfly-proofed roonmis for a period of 10 days, the maximum known incenba-
tion period of the disease. At the end of this period of quaraniine, auring
which baseline observations were made on temperature, pulse, and leukocyte
count, each of the first four volunteers was inoculated with 1 ce. of the pool of
acute sandfly fever serum—0.1 cc. intracntaneously and 0.9 cc. subcutaneously.
After an incubation period of 4 to 6 days, three of the four volunteers developed
the typical symptoms and fever of the natural disease (cliart 3). During the
course of subsequent experiments with insects, five additional volunteers were
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CHART 3.—Eczperimental sandfly fever in Amcrivan volunteers in Egypt
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each inoculated with 0.3 ce. of the snme pool of acute sandfly fever sernu, and
nll developed the typical expevimmentnl disease after the usnal incubation
periods.  As each volunteer developed this fever, 50 to 75 cc. of blood was
obtained, nnd the frozen serum was saved as a supply of potentially infective
virus. During the course of certain other experiments, two human volunteers
were inocilated with a pool of sernm from the fivst gronp of volunteers and
both developed typicen] experimental sandfly fever nfter the usual incubation
period. Thus, it was possible to demonstrnte not only that nn infective ngent
was obtnined from the serum of patients with the naturally ocenrring disease
but also thnt the bacteria-free agent wns cnpable of transmission in series.
While the circumstantial epidemiologic evidence taken together with the clini-
cal manifestntious of the experimentul disense strongly snggested that the agent
recovered was the virus of sandfly fever, it was, uevertheless, still necessavy to
satisfy another criterion ; namely, that of transmissian by 7°. papatasii.

Hepatitis virus in pool of serum.—It should be noted here that despite
all the cave that was taken in the selection of the original group of patients
with the naturally occurring disease, the originul pool of serum thnt was used to
inoculate the first hnman volunteers contained, in addition to the infectious
ngent of sandfly fever, another agent capable of producing hepatitis with jaun-
dice. Of the 10 human volanteers who were inoculated with this pool for the
transniission of snudfly fever, 4 also developed lepatitis with jnundice 72 to
94 days after the lirt inocalation. The same pool of serum wns subsequently
injected parenterally in huwman volunteers in the United States and three of
the five developed hepatitis with janudice. .\ further complication occurred
when the sermn of one of these volunteers in Egypt, abtained 34 days after
inocnlation with the originnl pool and 60 days prior to his development of
hepatitis with janndice, was used after Leating at 56° C. for a half hour as
control skin-test mnterial in eight of the personuel associuted with the hospital
and lnboratory of the Commission. Three of these eight individuals developed
hepatitis with janndice after iucnbntion periods of 94 to 132 days. The details
of this intercurrent hepatitis experience were reported by Paul, Havens, Sabin,
and Philip.*

Experimental transmission of sandfly fever agent by P. papalasii.—
The P. papatesii used for these tests were reared in the Commission laboratory
from ovn derived from the stock collected in May 1943, in the Dead Sea aren
during the experiments on insect repellents. Becanse of the restricted resi-
dence of the local populntion nud becnuse the parent flies fuiled to produce the
disense in eight American volunteers, who were bitten by large nuinbers of
them, the stock of sandflies was regarded as uninfected and, therefore, especially
snited for the transmission experiments. The other bloodsucking insects used
in the first test cousisted of fleas (P’wlex irritans) collected from native clothing
in an Egyptian villnge, and (wler pipiens mosquitoes collected at Deversoir

“ Paul. J. R, llaveas, W, P, Jr., 8abin, A. B, and Phllip, €. R.: Transmisxlon Experiments In
Serum Jaundice and Infectlous WNepatitls. JAMA. 128: 911-815, Jaly 1945,
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Field duriug nn onthirenk of saudfy fever muong American troops. These
three species of Dloodsucking inseets were fel on three of the fiest group of
lmman volunteers duving the fivst 24 houes of 1he expevimental disense.  After
extriusic inenbation pervinds which vavied from 8 to 18 days, the survivars were
allowed to bite lnmau volunteem—two subjeets being used for each species of
msect.  One voluuteer, on wham 13 220 papatusii Tad fed ileveloped typieal
smidfly fever nfter an incnbation pevied of about 31, :lays, while anotler, on
whow 21 engorged one or mare times, exhihited neo signs of the disease.  None
of 1hose bitten by either /2. frvitans or €. pipiens developed the ilisense.  In
the 72, irvitanx tests, 23 inseets fed aue or move times on each of the two vohw-
teevs, while iu the ense of €. pipiens, 11 inseets fed one or more tumes on one
voluuteer nnd 7 iusects ane or more times on the ather, It shanld be noted
thit the five volunteers wlha fuiled to develop the disense were subsequently
showu to be susceptible when they developed typical saudfy fever after an
intrncutaueons injectian of 0.3 ce. of the infections serum constifwting the pool
obtained from the original lot of nntaeally infeeted putieuts.

lu a subsequent experiment, auother lot af snudtlies venved from ova in
the laboratory was fed on two volinteers wbho were inocnlnted with the seriun
obtained from individuals with the experimentally induced illness.  After
snitnble incubation periods, these sandf@lies weve allowed to feed on twa nddi-
tional hinman volunteers, one of wham developed typienl sandfly fever (bitten
by 13 flies), while the other (bitten by 12 flics) fuiled ta develop the disense,
This, in two sepnrvate experiments, it was possible ta demousteate that the
mfertions agent which was capable of reproduciug the manifestations of
untwrnlly ocenrving sandfly fever wns ulso transmissible hy 22, pepataxii, hat
not by €7, pipiens I ievitans, and in iter experiments also not by cledes crgypti
(vhavt 4). It is noteworthy that ather sandflies renred in the Inboratory,
which were nat allawed to feed on infected patients, were fanmd ta be free of
the virus, as demonstrated by tests on two hunom volunteers wha were bitten
by 5t and 91 flies, respectively. At least ane of these two volimteers wns Inter
shown ta be susceptihle ta the virns when he develaped the disease fallawing
a paventernl ingenhition of nfections sermm, It shonld be nated here that
additionn] experiments with €', pipienx also vielded negative results i three
volmteers, The extrinsic inenhation perinds were purposely pralanged (1)
to compare with the experience with yellaw fever in which unfavorable mos-
quito hosts nmy hecawe infeetians after u longer extrinsie inenbation period
than is vequired for (L. aegypti. aud (2) in case ocenlt virus was present which
needed stimulation by repeated blood menls. The conelusion fram these tests
wax that, excepting /2. papatasii, none of the other bloodsneking nsects which
were tested could play important, if any, roles us vectors of this virns,

The question of interstudinl or transavarinl transmissian of the virns
wus tested in the Conmission labormtory, as follows: (1) 2% papataxii lavvae
were nllowed ta ingest lyophilized virus (lmmnnn serum) and the vesulting adults
were tested on nmmn valimteers with negative results, nand (2) 2% papatasii
hatehed ont. in the hiboratory from ova devived from puvent females of proved
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CHART 4—Capacity of various bloodsucking insects fo transmit phlehotomus fever
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infections capacity as late a3 8 to 10 days after the infectious blood meal failed
to produce the disease in human volunteers. While these experiments were
not extensive, they indicated that the virus did not pass from generation to
generation in all infected flies; however, it was realized that this question could
not be regarded as having been settled, particularly in view of Whittingham's *r

7 8ee footnote 0(2), p. 113,
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and Moshkovsky's * experiments which still left the possibility that such
un event. might ocan oceasionally.

Attempted propagation of the virus.—Using hnnmn seram, whose path-
ogrenicity was established by simmltuneons tests in linnan volnnteers, in-
ocnlatious were performed by the intracerebval, intramasal, intracntanecus,
subeutaneons, intratestienlar, and intrapevitoneal rontes in monkeys, ymmg
lmmstevs, yonng albino mice, wild geny mice, desert rats, mbbits, and gninen
pigs. In the first sevies of tests, there wus no suggestion of reaction inuny of the
animinls except the hamsters, where it is probable that some infections agent
was envried for two pnssages before it was lost.

Two of the six hamsters wlich were first ivoenlated sneenmbed wich
nervois signs on the fifth day. One died and the other was saeviticed, and
suspensions of their hrins nnd viscern, which were bacteriologically sterile,
were passaged into three new hamsters, One of these three again snceumbed
with sinnilar severe nevvons signs 3 danys nfter inoenlation.  Xlthough its brain
and viscern were Imeteriologically stervile, there was histologic evidence of
uente ependymitis and meningitis s well ns foenl necrotic nnd inflmnumtory
foci in the liver. Nevertheless, further possage inta hew humsters was nega-
tive, ns were also repented inocnlations of the materint from the first two
lmmsters into six new ones, and of the original pool of weate sandfly fever
sernm into six additional hamsters.  In addition to these tests, hamsters were
ulso inoenlated with whole blood or sernm from other acnte cases of natural
or experimental sandfly fever as well us with a suspension of infected 2.
papataxii,but all with negative resnlts. The total nnuber of hansters nsed
in these tests was 58, and a1l thut one enn conelnde is that no clinieally apparent.
infection ean be prodirced with regatlurity in these aninmls by the sundfly fever
virus. Siuce no tests on hnman volnnteers were carried ont, one ean sny nothing
nhout the possibility of clinically imppurent propagntion of the virns in this
species,

The snsceptibility of white nrice was also tested extensively in 74 mmimals,
using the same material inoculated in hinmstevs.  The resnlts were nll negative
inchiding blind passnge with the hrains nnd Inngs of the inocnlnted mice,

Ten monkeys representing five different species were inocnlated intr-
cerebrally, intruentaneously, snbentaneously, and intvaperitoneally with in-
fections serum or whole blood from cases of natnral or experimiental sandfly
fever. There were three grivets ((‘ercopithecus griscoviridiz), two vervets
(Cercopithecus acthiops centraliz), two ved African hussars (Coreopithecus
(E'rythrocebus] patax), one Macacw radiata frow Indin, and two young Imboons
(Papio hnmadryas). No fever or other clinienl manifestutions of disease were
observed in any of them. With the exception of the three grivets. which had
been in Chiro for at lenst 1 yenr, and the M. radiate, whose history was un-
known, the ot lier monkeys were bronght by pline from regrions of Africa which
are presnmably free of sandfly fever and I’. papatasii.

* See foolnote 41, p. 134,
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In view of the reports and conclusions of Shortt and others that the virus
of sandfly fever liad been cultivated on the chorio-allantoic membrane of em-
bryonated eggs with the production of plagnes which could be prevented by
convalescent sernm, special efforts were made with this method. Among
twenty-two 10-day embryonated eggs inocnlated in this manner with the pool
of acute sandfly serum of proved potency and with the sera from five acute
cases of the natural or experimental disease, all embryos survived «nd only
one egg exhibited a single plaque on the chorio-allantoi¢ membrave. On pas-
sage of a suspension of thic membrane into fonr new eggs, one egg again
showed an opaque zoue on the chorio-allantoic membrane, but tlie same was
fonnd in one of three contirol eggs which were inoculated with the 5 pereent.
normal chicken serumn-Tyvode’s solution which was used to suspend the original
membrane.

Five blind passages at 4-day intervals were carried out in eighteen 8-day
eggs inoculated into the ullantoic sac and six passages at similar intervals in
twenty-three 6- to 7-day eggs inoculated into the volk sac. No evidence of
pathogenicity for the chick embryo was observed. Inoculation of hamsters
and white wmice with the first and fifth passage allantoic fluid and fourth pas-
suge volk sue vielded wegative results. Negative results were also obtained
when the allantoie Huid and yolk sac suspensions were used as antigens in
complement fixation tests with convalescent sera from patients with the experi-
mental disease. Thus, althongh volunteers were not inoculated with any of
the chick embryo material, snaking it impossible to conclnde that the virus did
not multiply in the embryonated eggs, it was, nevertheless, apparent that the
chick embryvo could not. he used either for identification of the virus or for
detection of the specific antibody, as the reports of Shortt and his associates
had led oue to hope.

Search for a specific or nonspecific diagnostic test.—Precipitin, com-
plement fixation, and hemagglutinntion tests were tried using the acute stage
serum obtained from natural or experimental cuses of the diseaze, or an extract
of P. pupntasii fed on experimentally infected volunteers as the antigen, and
convalescent sera from naturnl and experimental cuses as the antibody. All
yielded uegative resnlts. Awn atteupt was made to determine whether ar not. a
skin test might he devised by testing the effect of fresh and heat-inactivated
infectious sera in normal individuals and in volunteers convalescent from the
experimiental disease. However, no significant skin reactions were obtained
in any of them. Nonspecific tests in the form of sheep cell agglutinins and
cold agglutinins were also investigated with negative vesults.

Preliminary observations on immunity to homologous virus.—Two
preliminary tests were carried out on the volunteers in the desert laboratory.
In the experiments with vurions vectors, the volunteer who developed the
experimental disease nfter being bitten by infected 7. papatasii was found to
be immune when tested with infections sernm 17 days after the ouset of his
fever, while five other volunteers. inocnlated simulinneously with the same
dose, all developed typical sandfly fever. The volunteers used in the very first
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experiment on infectivity of the originat poat of sandfly fever serim were each
reinoculated with 0.1 ce. of the sane infections serma 14 days afier 1he tirs
inocnlation, or 8 to 10 days after the first day of fever, aml only one exhibited
a rise in temperatnre of 1° F. 3 t« 4 alayy after ivoenlation nnassocimes) with
my symjaoms. Hawever, sinee there were no simmltaneons coutrols for this
test, the negative resulis conld not be regmnled as conelusiveonnd it was pvident
that the question of inmmnity still remained to he investignted experineinally,

Summary of work accomplished and problems requiring further
study.—DPerhaps the most important achievement in this laboratory wos ihe
accumnlation of a consileralidle amamt of infeetions <ernm in which 1he ex-
istence of the virns of saudily fever was extablished not oudy by sevinl truos.
mission experiments but also by the proaf of its tmnsmission hy 2. peagatonis.
The hope that some simple Inboratory sunaal or ewdiryonated egrgs coakd
serve as imbicntors of the presener of this virus was anfortnnately dispelled
by the preliminary experiments that were earried ont. I addition to further
nttempts ut mlaptation of the virns in experimental nninwls and embryonated
eggs, it was believed of the grentest importance to learn more about imnnmity
to this virns nnder experimental canditings,  In view of the canflicting repuats
concerning the immmmity which falluws an attack of the natnral disense, it
was 1leemed mivisahle ta lenrn what immimity may resnlt from an expen-
mental attack of the disease when the same strain was nsed for challenge in
individuals living in sandfly-free regions. It was nkuc desirable t« determine
whether or not doses of the virus, toa small ta produce the disease, wounld
prove to be nnmunogenic and whether ar nat jnactive virns conld jemluee
immunity. It alsa seemed of interest ta aletermine whether or not serial
pnssage of the virng in hnman heings withant ijutervention af the natural
insect vector might perchance cmse sufficient attenuation to permit its use
for immnnogenic purposes.  Twenty-seven Amerienn enlisted men served nx
volunteers in the stndies earried ont in the desert Inharatary,

STUDIES ON HUMAN BEINGS IN THE UNITED STATES

Since . papatasii is not present in the United States and sinee s im-
portation was prohihited, it is clear why the initial, orienting experiments
just reported were best carried ont in the desert Inboratory in Egvpn. 1t
was also clear, however, that the more extensive work imvolving the nxe «f
Inrger numbers of linmmn snhjects ns well ns the defiuitive studiexs on im-
nunity conhl be enrried ant better in the United Ntates where Ameriean
civilinns might become availalde ns valmteers and where the udies on -
mnnity wonld not be camplicated hy the question of spontanedns reinfection,
perhingss inapparent infection. in nature.  Accardingly., thrangls the coopera-
tion of the anthorities nf Longview State Hospitnl in Cincinnatic Ohicg and
with the special cooperation «f its medical director, Dr. Donglas Goldnan,
the pntients in that hospital requiring sanie form of fever therapy, with the
cansent. of their families or guardinng, becntme nvnilnhle for tests on naterials
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suspected of containing virus of sandfly fever. The work was carried »ut by
the anthor in Lis Iaboratories nt the Children’s Hospital Research Fonndation
and the Department of Pediatrics of the University of Ciacinnat: (‘ollege of
Medicine, Cincinnati, Ohio.  In addition to the patients who were availabie
at Longview State Hospital between October 1943 and April 1944 and again
between Jine 1945 and the end of 1945, a munber of tests were carried ont
on laman volunteers among the prisoners of the New Jersey State Prison
at Trenton, N.J., betweer May 1944 and May 1945,

Isolation of Sicilian Strain of Virus and Its Identification by Cross-liniunity

Tests With Middle East Strain

A field investigation which this anthor carried ont during the Sicily
Campaign (pp. 168-174) indiented that an estimate of npproximately 8,30 cases
of sanddfly fever was veasonable for the period of 10 July to 3 Septen:ber 1943,
among the personnel of the Seventh U.S. Army.#* 1t ceemed highly desiralle,
therefore, to establish by Inboratory methods the nature of the etiologic agent
responsible for tlie febrile illness that was seen more often thun any other
disease during that. period in Sicily. Accordingly, blood was obtained within
24 honrs after onset from three patients who, nt the time, were in the 91st
Evacuation Hospital in Palermo, Sicily. The sernm was at the prevailiug
room and ontdoor temperatnres for a period of about 40 honrs hefore it
reached the Commission Inboratory in Cnire on 10 September, where a part
of it was frozen in Dry Ice nnd the remminder lyophilized. These specimens
were then transported to the United States in Dry Ice, and after it was learned
that the snbsequent clinicnl course of the patients from whom the blood was
drawn corresponded chinically to that of sandfly fever, the sermn of two of
these was used for transmission tests in Cincimmti on 6 October 1943 (the
temperatnre charts of the two donor patients nre shown in chnrt 5).

Each of four patients at the Longview Stnte Hospital received 0.1 ce. of
serun intracntaneonsly and 0.55 ce. snbentnneonsly. Al fonr of the recipients
developed typical sandfly fever after the usnal inenbueica periods of 3 to + days
(for record of their teniperatures, see “originnl snbjects” in chart 6). These
four patients were in tnrn bled within n few hours afrer onset of fever, and the
resulting serum, stored in the frozen state in Dry lce, constituted a fresh snj-
ply of virus for the identificntion of the agent responsible for the Sieilian
febrile illness. The cross-immumity tests by which the Sicilian agent was
identified are shown in charts 6 nnd 7. The first group of four snbjects weie
teste] 1 month after recovery by reinoculation with hom:logons Sicilian ma-
terial. Al four were fonnd to he immune while four new Fuman subjects,
inocnlated simnltaneously, developed the disense. Fifteen duys lucer. these
original fonr subjects, who were thus proved to be immune to the homologons
Sicilian virns, were inoculated with the Middle Fast strain, whose identity as

» Repors. Saj. Albert B. 8abin. MC. to Chief Surgeon, S8eventh U.8. Army, Col. Danlel Franklin,
MC, 7T Bept. 18438, subject : Extimate of Exlent (0 Which Sandfly Fever Was and Is a Probien: Among
American Forcex In Slelly.
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CHART 5.—Temperature charts of original paticnts from shose blood the Sicilian strain
of phlcbotomus fever virus wwas isolated
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a sandfly fever virus had already been established by transmission tests with
P. papatasii. All four were again found to be immune, whiie four controls
inoculated simmltaneously developed the disease. The reverse of this test,
shown in chart 7, was carried ont with patients who wert: incculated first with
the Middle East virus, and, after ihey were shown to be immnne to the homolo-
gons Middle East agent, they were challenged with the Sicilian virus and also
turned out to be immune. Thus, it was evident that approximately 6 weeks
after an attack with one or the other virus, cross-iramunity was readily de-
monstrable. It shonld be noted here that similar results were obtained in
subsequent cross-immunity tests. which were carried out at 4 months as well
as 2 yenrs after a single attack, indicating that by active resistance tests the
two agents were indistingnishable.

Properties of the Virus

Infectivity of the virus by different routes.—Using serum obtained with-
in 24 hours after onset of fever and doses of 1 c¢c, or more, it was found that
intracutaneous or intravenons routes of inoculation produced infection in ap-
proximately 95 percent of over 100 human adults vegardless of sex or color.
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During the conrse of experiments on filtrability of the virus, it was discovered
quite by uccident (when it was iecessary to inject diluted sermn in larger
quantities by subcutaneons or intramnscular routes) that doses of virus which
were iifective by the intracutaneous or intravenous routes failed to produce
the clinically appavent disense in 50 to 75 percent »f individuals inoculated
siunnltareously by the subcutaneons or intramuscinlar routes. In two tests
with the Sicilian vivus, six of eight patients (75 percent) failed to develop
the disease following subcataneous or intranmscular moculation, and in a
single test with the Middle Kast virus, three of six patients (50 pevceut) failed
to develop the disease following subcutaneous inoculationn. The six indi-
vidnals who failed to develop the disease following ineculation with the Sicilian
virns were sibsequently retested by tlie intracntaneous injection of a dose of
virus which bronght down all three controls, and all of the six again failed to
sliow any signs of illuess.  Since it seems unlikely that so large a number would
have heen spoutaneonsly resistant to begng with, it would appear possible tlat
siubeutaneons or inteamuscular nocultation of the virus may have prodaced an
inapparent. infection with snbsequent. immnnity.

Concentration of virus in infectious serum.—The concentration of virus
in sermn obtained within a few honrs after onset of the fever was measured
{1) by determining the minimal dose which will produce the ¢linical disease in
human volanteers, aid (2) by reinocnlating those vohmteers wlho failed to
sliow iy signs of the disease to determine whetlker or not the subclinical doses
produeed immmmity. The first experiment was done with a preparntion of
Iyophilized sernm which was obtained from a hnman volinteer in Egypt who
developed the disease after being bitten by 2. papatasi! artificinlly infected in
the lnboratory.  Of three putients inoculated with 0.1 ce. intracutaneously and
0.9 cc. subeutaneously, two developed the direase. ITowever, none of nine
other patients inoculated simultuneously with 0.1, 0.01, or 0.001 ce. (three pa-
tients fou each dose) by the intracutaneous route developed the clinical disease.
Upon subsegnent challenge, all those who remained well after the initial inocu-
lation were proved susceptible to larger doses of the virus. In a subsequent
experiment with third passuge Middle Eust virus, using the sernm of a single
patient, it was found that 0.01 cc. produced the typical disease in both inocu-
lated patients, 0.001 ce. also procuced a clinieally recognizable illuess in a single
patient, while 0.0001 cc. failed to prodnce the disease in one patient. Al-
though this represents a rather inndequate titration, it would appear that in
this particular serum the mininum infective dose may have been 0001 ce.  Tlow-
ever, in the third experiment with Middle East virus using seventh passage
material from a single patient, the serum having been frozen in Dry Ice for 8
months, it was found that only one of four patients inoculated with 1 cc. intra-
cntaneously developed the disease. A systematic titration was not carried out
with the Sicilian strain of virus; however, of 45 individnals who received 1 cc.
intracutuneonsly (virns represented by sernm derived either from natural cases
of the disease or from human subjects np to six experimental passages), 43
developed clinically apparent disease. All nine individuals who received 1.5
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to 2 ce. of various passnges of the Sicilinn strain developed the clinical disease,
and two of three patients who were inoculated with 0.5 ce. of Sicilian virus
developed the disease. During the gradocol niembrane filtration tests, part
of the pool which was found to be infective with regularity in nmounts of 1 cc.
was also tested in snialler doses, two patients being inoculated with 0.0001 ce.
and unother two patients with 0.00001 ce., but none developed the illness. In
subsequent tests for susceptibility by inoculntion of larger mnounts of the same
virns, all four patients developed typical expernmentnl sandfly fever. Tlus,
it ean be said tlmt the Sicilian virus nlso does not have a potency as high as
10,000 minimnm infective doses per cubic centimeter of serum.

An iuteresting pkenomenan which mmy represent a difference in the be-
havior of sandfly fever virus in neriennt Negroes was enconntered during the
contrse of this work. Althengh it was found that Negroes were as susceptible
as white people when inoculated with serum derived from white mdividimls
with sandfly fever, it was not possible to obtnin passage when the sernm of
Negroes with the disease was used. In three different expernments nsing 1 ce.
amomts of serum fron: three different Negroes, negmtive resnlts were obtained.
When tlie volunteers nsed in these tests were subsequently inoenlited with
sernm from white donors, ull developed sandfly fever, indicating that they
were susceptible.  Since ammmts lnrger thun 1 cc, were not iested, one ennnat
suy that the virus might not have heen present in smaller concentration in the
blood of Negroes who developed experimentn] sundfly fever. However, the
resnlts do suggest thnt the virus may perlmps not propagate to as high a level
in Negroes us it does in white individnals,  Sinee it hnd heen demonstrated that
the sandfly fever virus can be maintained in the lyophilized state or frozen in
Dry Ice for a period of at lenst 4 years, it is not likely that the mmnner of
storage of the sernm seriously aflected the resnlts that were obtained.

Particle size of the virus.—Two experiments were carried out with the.
Sicilian strain of sandfly fever virus in an attempt to determine the particle
size by means of filtration through grndocol membranes. Twenty-six human
subjects were used for the tests, and the results are shown in table 23. The
first test wns unsatisfuctory becanse the inoenlations were given by the snb-
cutaneons and intramnscular rontes before it wns realized that these rontes
were less snitable than the intracutaneous. However, the second experiment
yielded clean-cnt resnlts in that all 10 volunteers inoculated intracutaneously
and intruvenansly with either the diluted, unfiltered serum or the filtrntes from
the 600, 400, 310, and 207 mu membranes developed typical sandfly fever, while
the two pntients inocnlated with somewhat larger doses of the filtrate from
the 101 mu membrane both failed to develop any signs of illness or changes in
the lenkocytes. Although it is possible that one of these two putients may
have had an inapparent infection since he failed to develop the disease on
challenge with active virus later on, it is, nevertheless, evident that the average
pore dimneter of the endpoint membrane is in the range of 101 xyu, If one
assumes that the 101 mg membrane represents the filtration endpoiut, the par-
ticle size of the virns mny be estimated at 40 to 60 my, according to Elford’s
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TaBLE 23.— Filtration of sandfly fever virus through gradocol membrane:

; ‘ Resuit of sulce-

i
Fxperimeot Portion tested Amount in- | Patient ‘ Resuit quent challenge
Jected (cc.) ! with virne
! l | intnicutaneously
- — — I “._‘,___-______r[. [
Pooi of passage 1 scrum, | Centrifuged, uoflitered__ 5 Db . I Negative....._. | Negative,
difuted 1:5 in saline, and [T R S Do,
centrifuged at 1,500 r.p.m. | 770 mpu Bitrate._ . .___.. 51 A__. . Sandfy fever.. .
(ali fiitrates Inoculated B.__.. ..; Negative.._ ... ! Do,
subcutancousiy and intra- | 308 mu filtrate... ..___.. : 5 cdeccdoo oo . Sandfly fever.
musculsarly}. H Do,
203 my flitrate__ .. ... 5 - \ De.
do........ | Nemtive.
i01 mu flitrate..  ._.__. 5(Ba... ... do__. . Do.
_____ do. - Sandfly fever.
75 mu fitrate... ... .. 5, C.__. .. .....do_......-...‘ Do.
W || 3-day fever Do.
feukocytosis
| pharyngitis,
50 mu fltrate. . .....___. ol ... . Noegative. ... . Do.
) QP P Aol Do.
cc. route
Pool of passage V' sera, di- | Centrifuged, unfiitered.. 2| i. cut.
Tuted 1:4 In safine, and 6 | i ven.
centrifuged at 2,000 r.p.m, | 600 mu fiitrate.. ... ... 2 i cut.
for 15 minutes. 8] 1 ven.
400 my filtrate.. ... ... 2| i.cnt.
8 {1 ven.
310 my flitrate.. ... .. 2| i cut.
8|1 ven.
207 my fiiteate.. ... ... 2 {1 cut.
8 1. ven. .
101 my filtrate........_.. 2| i.cut, _| Sandfly fever.
i0 | i ven. Negatlve.
1

! Serum obtained from this patient at onset of fever produced typical sandfly fever in two other patients.

formula. However, it must be kept in mind that the concentration of virus
in the serum used for filtration was not very great. In addition to the con-
trols shown in table 22, three other patients were each inocnlated intracuta-
neously with 0.5 cc. of the same pool, and two of the three developed typical
sandfly fever. However, four other subjects inoculated with 0.0001 cc. or
0.00001 cc. of the same pool failed to develop the disease and also failed to
develop immunity to subsequent challenge. Thus, it would appear that the
concentration of virus, although not precisely known, was certainly less than
10,000 M.I.D. (minimum infective dose) per cubic centimeter. Since it is
known that the amonnt of virus contained in the material that is filtered can
influence the filtration endpoint, one would have to conclude that while the
particle size of the sandfly fever virus is probably not greater than 40 to 60 my,
there is a possibility that it may be smaller.

Further tests in animals.—During the course of the work with this virus
in the United States, additional tests were carried out with sern of proved in-
fectivity for human beings on the following animals: Infant mice, cotton rats,
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hamsters, aud uwionkeys. Because of the questionuble vesnlts olitnined in sev-
eral hnmsters in Egypt, snspensions of the brnins nnd viscern af those husters,
which had been stored iu Dry Ice and transported from Egypt to the United
States, were inocalnted into six hamsters, but x1l remaived well.  An additionnl
test an hamsters was earried ont with the fanrth hunan passage of the Sicilian
steain of virns; the sernm wns injected in six yonng animals by the intracere-
bral, intracntaneans, intraperitoneal, aud intratesticulnr rontes, lmt all re-
mnined well. Mice were inocnlated with nudiluted serum, serum dilnted
1: 100, and also with the sediment from ultracentrifuged sermn tnken up in
1. of the originul volume. Mice varying in nge frown 10 days to 4 weeks were
moculated by the iutracerebral and the intraperitonenl rautes, lmt all remained
well.  On several ocensians, when wice presented questionnhle signs or died
nfter a period of 13 or 14 days, passnges were performed bnt with negative
results. The sern which was nsed for these tests represented some which had
liad ouly one passage frawm the mntnval disense, as well as others which had
hind seven serinl passnges in himmau volimteers. Nix cotton rats inoenlated
with first pussage Siciliau vivns by the wtvacereinal, snbentaneans, and intra-
peritoneal routes remained well. Tt shanld be noted, however, that in uone of
these experiments was materinl from any af the animals tested in himman vohm-
teers to determine whether or not the virns might have nndergone inappnrent
multiplication,

Iu view of the fact that Shortt and his associntes believed thnt they had
transinitted the virns of sandfly fever ta mankeys, n specinl experiment was
nndevtaken with these animals. The Sicilian virns represented by a poal of
jussngre I human serum was inoculated simnltaneously into patients and into
three rhiesns monkeys. Each mankey received n totnl of 6 ce. of sernm—1 ce,
liy the intracerebral ronte, 0.1 cc. intvacutaneously, 0.9 cc. subeutaneously, and
4 ce. intraperitoneally. None of the three waukeys developed fever ar showed
any ather clinical evidence of disense. However, they were hled nt different
intervals, and thie serum ohtained 3 aud 4 days after inoenlation was snhinocn-
lated in two patients. It is natewarthy thnt while neither of the two pntients
exhibited nnything tlnt the experienced imvestigator canld have iuterpreted as
sandfly fever, cach of theni, nevertheless, developed n febrile illuess, one on
the 10th day nnd the othier on the 11th dny, nssocinted with generalized malaise
aud joint pmins.  However, the lenkocyte chunges which are cluracteristionlly
present in sandfly fever did not develop in either of these two patients. (lin-
ienlly, it nppenred more likely thnt the reaction in these pntieuts wns due to
sernin sickness resultiug from the inoculation of the monkey sermu.  Approxi-
mntely 4 weeks later, these patients were inocilated with sandfly fever virus
and bath of them developed typically severe forms of experimental sandfly
fever, thus confirming the original clinical diagnosis of serum sickness
and indieating thnt no virus was present in the blood of monkeys 3 and 4 dnys
after inoculation of lmman sandfly fever virus. No evideuce was, therefore,
ohtained that the sandfly fever virus wns either pathogeuic for rhesus monkeys
or indeed mltiplied inapparently during the period tested.
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Although the wark was halted because of the pressme of other iunvestiga-
tions, it appenved that farther experiments with newborn and 1- and 2-day-old
rodems, partienlarly mice, would appear to be worthwhile not ouly in mn
uttempt. ta establish the virns in n small experimental animal but more espe-
cially to determine whether the sandfly fever virus may be propngting
innpparently. It would be desirble to test sucli muterial passuged in newborn
rodents not only for pathiggenicity in human beings but even more especinlly
far the capacity to produce imnnmity ta nnmodifid human virns should it
turn out to he norpathogenic.

Further cultivation attempts in embryonated eggs.—Althongh the ex-
periments cuvried ont, in the Middle Eust luboratory indicuted that wo spocific
antigen suitable for complement fixation tests cauld be obtained from eggs
inoenlated with human serum containing sandfly fever virns, it was, neverthe-
lesss, desitable to determine whether or not inapparent multiplication of the
virus nmy oceur in embryonnted eggs, as determined hy snbinoenlation in
hunan valunteers.  The tests which were cnrried out in the United States
are stmmavrized in table 24. It niay be seen thnt ainong the nine hnman volnn-
teers inocuhited with varions types of chick embrya material, two developed
febrile veactions 12 and 13 days after inocnlation, hnt it was possible to show
that in neither one of those instances was the fever dne to infection with sandfly
fever virus, hecanse subsequent challenge produced the typical disease in botl
volunteers. Although in one test, two of four volunteers inoculated with fourth
egg passage naterial failed to develop sandfly fever on challenge, it would
nppear more likely from the other results that these two human subjects miglit
have represented individnals who were resistant to this virus to begin with, It
was necessary to conclude from these tests that there was no evidence that the
sandfly virus could multiply in chick embryos inocnlated hy the various rontes
that were tried. Accordingly, it was not possible to obtain confirnmtion of the
cauclusions reached by Shortt and his coworkers. It nmy nlso be stated here
thnt an atteinpt was made ta grow the sandfly fever virus in enltures containing
ntinced uouse embryo beain or minced whole monse embryo. Inoculation of
the third pnssage culture material in lnman valunteers yielded negative results.

Further tests with A. aegypti.—Although a preliminary test carried out
in the Middle East laboratory indicated that 4. segypt/ mosquitoes were
unable to transmit the virus of sandfly fever, it was desirable to determine
beyond doubt, as far as it may be possible to do so, whether A. aegypti mosqui-
toes in large numbers and after varying periods of extrinsic incubation can
or cannot transmit this virns. In view of the hypothesis that had been for-
warded by some investigators® that the sandfly fever and dengne viruses mny
belong to one group, it was particularly important to determine this point
with great care. Three experimeuts were carried out with hmman volunteers
in the United States, with the assistance of Lt. (luter Capt.) William G. Jahnes,
SnC. Large numbers of freshly emerged mosquitoes were allowed to feed on

»van Rooyen, C. E, and Rhodes, A, J.: Virua Discases of Man. London: Oxford Unlversity
Press, 1940, p. 516.
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TasLe 24 —1uwman teats with chick embryo “culturex’ initiated with sandfly fever virus of
proved potency

Inortilum for em- | &lte of lnoculntion, | Meterkid tested In ' I | Resaltofsub-
Dbryonnte] eggs I age (l“‘mllr)‘ﬂ,lull' hawam subjeets Subjeet | Kesult of inoculstion secuent
i rusage { | chalicnge
S P ——— o - { _ _ —
Middle East strain, I Embhryo and yolk 41h egg passage, whole Negative!
human passage | sac, 9lay eggs, embryo, 2 ¢cc., 20 50 ot
111 serum. {  passaged ut 4<lny percent suspensiorr, | A.. ....l.... doo. oo .....o....| Bandfly fever.
Intervals, Litrucutniieous. (5 cooobooo Ko octioooeccos Do.
A egg pusage, whole | F__ . .| 4«lay fever with Do.
embrya, 2 ce_, 20 pharyngitia plus
1 percent suspension, Jeukoeytnsis 12 days
i iutrneutnneous. after Lioculation,
G....... Neguure ... ... Do.
Sicilian straln, pool | ... do.... ..oc......| Mhegg passage whole | Bo...___| t<lay fever 131lays Do.
of human passege embryo, 2 cc., 20 after inoculation; no
V sera. percent suspension, Jeukocyte chan, es,
Intracutaneocus. 8u......| Negutlve
Sleilian straln, pool | Chosfo-ultantol ! 3 chorio )% O TR | S,
of humam pussage men:brane, 10«lay | allantolc membrune
Vil sera. | emgs. | suspension, 1 cc.
| |
TTwo controls I 1 le ped the dise:

Lhuman volnuteers during the first 24 hours nfter onse of fever during the
experimeutnl disease. At the time the mnosquitoes fed on these volunteers,
blood wus taken in each instance to determine, by subinoculation in other
volunteers, that infective virns was netunlly present at the time of the biting.
One experiment was carried out with the Middle East virus and two tests were
carried out with the Sicilian strain of the virus. Mosquitoes which lind taken
blood meals from infected individuals were allowed to bite new volunteers
nfter extrinsic incubation periods varying from 6 to 22 dnys. Six humun
volunteers were bitten by hundreds of mosquitoes which hnd taken blood
menls from infected human beings nt the time when their blood was shown
to contain the virus, but none of them developed sundfly fever. The suscep-
tibility of all these volimteers was subsequently demonstrated when they de-
veloped the typical experimentul disense following inoenlation of serum from
the very donors on which the mosqnitoes had obtained their blood meals. This
unequivocal demonstration of the inability of .. aegypti to act as a vector of
the virus of sandfly fever became an important tool in the differentiation of
this virus from that of dengue.

Tests for virus in cerebrospinal fluid and in blood.—QObservations on
more than 100 cases of the experimentally produced disease indicated that
the duration of fever in different individuals may vary from pnrt of 1 day
to 9 days, althorgh the 2-, 3-, and 4-day periods constituted 85 percent of the
total (chart 8). Multiple cycles of fever (chart 9) after a single inoculation
of virus were observed in four patierits. Subinoculation experiments made
it possible to show that the virus was present in the blood 24 hours before the
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Cuiant 8. —1Various types of fever produced by experimental inoculation of phicbhotomus
Jever virus im human beinga
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CHART 9.—Multiple cyclcs of ferer after aingle injection of phlebotomus fever virus in
human beings
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onset of the fever but could not be demonstrated in the blood of several pa-
tients 48 to 54 hours after onset of the fever. No explanation was found for
the multiple cycles of fever. Since no virus could be recovered from the blood
during the periods of recurring fever, the relapses could not be explained on
the basis of recurring viremia.

Cerebrospinal fluid was obtained from five of the American volunteers
during the work in Egypt. No pleocytosis or other abnormalities were found
in those fluids, and part of each fluid was lyophilized and the remainder frozen
in Dry Ice and transported to the United States. Two patients were inocu-
lated with the pool of these cerebrospinal fluids, each receiving 2 cc. intra-
cutaneously and 15 cc. intravenonsly. Neither developed the fever or the
leukocyte changes characteristic of sandfly fever, and both were subsequently
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shown to be susceptible to an inoculation of the virus. It is noteworthy thut
the serim of the same volunteers, lyophilized and frozen in the same manuer
and transported to the United Stutes, was also tested on lmmun volunteers
and proved to be infective.

Storage and maintenance of infectivity of the virus.—Since so miuch
work was involved in establishing the identity of an authentic strain of the virus
of sandfly fever, it was of considerable importance to determine whether or not
and under what conditions it may be possible to preserve this virus. Accord-
ingly, 2t various intervals, portions of haman sermn maintained in the frozen
state in Dry Ice, as well as portions of seriin which had been lyophilized
and then stored in an ordinary vefrigerator, were tested in hinian volunteers.
When the work on sandfly fever was terminated at the end of 1945, it was
foumd that the second passage pool of the Sicilian strain, which was frozen in
Dry Ice on 30 November 1943, still produced the disease in both patients veceiv-
ing 2 ce. of the serum intracntaneously on 10 October 1945, Thus, it was clear
that the virus persisted for at lenst 2 venrs in that state. Lyoplhilized virns
tested at the end of 6 months was fonnd to be active. In subsequent years, an
opportunity presented itself to test some of the lyophilized and frozen virns
on children with nephrosis as part of a trial therapeutic study, and it was
possible tn show that the virns remnined active after n period of stovage of
at lenst 5 years. These strains of virus are still available in the anthor’s labora-
tory in both the frozen and the lyophilized states. It is hoped that virns
preserved in this manner may prove useful for any future comparative purposes
or stndies that may be contemplated.

Tests for neutralizing antibodies,—Determination of the presenee or
absence of neutralizing antibodies in sandfly fever was desirable not only for
acndemic rensons but nlso (1) to find a serological means for the identifiention
of the virns or its various types, and (2) to establish whether or not. active
imnmnity conld be produeed by the inoculation of nentral serum-virns mix-
tures. Two tests were carried out, nnd the results are summarized in table 25.
The hyperimmnne serum used in these tests wns derived from fonr pntients who
recovered from an experimentn] attack of the disense following inoculation of
the Sicilian strain of the virus. Four weeks later, they were reinoculated with
the Sicilian strain and were found to be immmne. Two weeks after that, they
received an inoculation of the Middle East strain of the virns of proved potency,
and they were aguin resistant. Two weeks after this second challenge, or 8
weeks after the first inoculution of virus, they were all bled, and their serum
coustituted the hyperimmnne sernm nsed in these tests. These results shown
in table 25 indicate that in neither test was complete nentralization of the
virns obtained. It is possible, however, that a certain degree of nentrnhization
did ocenr, becanse in ench of the tests there was one subject who failed to develop
any signs of illness or leukacyte changes following inoculntion of the immnne
sernm-virns mixtures nnd yet, on challenge, subsequently developed typiceal
sandfly fever. These challetge tests indicated not only that the snbjects were
originally susceptible but, also, incidentnlly, that the inoculation of the hyper-
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imnnmre serum-virns mixture does 1ot lend to the development of active resisi-
ance to the virns,

Tarey 25.—Tesls for neutralizing antibodiea

' Remil¢ of
Experiment strain ot viris Muisture inorulated Subjec Reaily mihwrquient
| Ly e
+
i
1o .. oot Middle Easc. . | Virusonly,lee._...... - ... | . Sandfly lever .
! ! 2 .. o .
i\'lrua (0 cc) plus hyper- 3 .. ... . _.do... ...
l }  Immune serum (1 cc) 15 ¢ «.i Negative. ... . fanly fever,
| hoursat;d® ¢, ‘ |
2.0 veeees Sicllian o VIS o)y, 0800 o050 . .| Rendfy tever...
| L3 .o . . de
| . 7 . ees Negstive.
, Virus (0.5 cc.) plus hyper- B .. ... ... do... - o
i Immune serum (1 cc) 23 9 odo, . Negative.
hours at 3° C.
i

PERSISTENCE OF IMMUNITY FOLLOWING A SINGLE ATTACK OF
SANDFLY FEVER

Varions observations recorded in the literatnre concerning persistence of
immunity to sandfly fever and recurrence of the disease seemed to be confusing
and contradictory. On the one hnnd, there are reports of nmlitiple attacks,
ocensimally also during one season, and an the other, there nre mmmerons oh-
servations that so-called “salted” troops (that is, troops that had once experi-
enced an epidemic of sandfly fever) praved to be resistant during sulwequent
seasons, at a time when newly arrived troops were contracting the diease.
Whether or not a single attack of the diseaxe in resudents in a sandfly fever area
had to be fortitied by epeated exposures to the virns in order to acqnire lasting
immunity was not known. The studies which were carried ant in the Tnited
States, a conntry free of the disease, made it possible to determine the im-
munogenic effect of n single experimentul nttack of sandfly fever wlen the
same strain of virus, or an immunologically closely related or identical strain,
was nsed for challenge.

The data snmmarized in table 26 indicate that the 8 volunteers tested 1
month after infection and the 10 volnuteers tested 4 months afier infection all
remnined well, while control patients moculated sinmltaneously with the same
virns developed the disease. In a test carried ont 2 vears after a single attack
of the disense, three of the four patients remained entirely well, showing neither
fever, symptoms, nor changes. in the lenkocytes, while the fourth patient may
have experienced a very mild, modified form of the infection. Although this
patient (Mec) had no subjective complaints, he, nevertheless, exhibited a rise
in temperature of 1° F. for a1 periad of about 24 hiours 6 days nfter mocnlation,
This was associated with changes iu the lenkoeytes charneteristic of this in-
fection. It is regrettable tlmt the presence of reinfection in this individaal
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was 1ot proved or disproved by transmission of the disease to others. Hovw-
ever, it wonld appear that in the najority of individaals immunity to reinfec-
tion with the same inmmnuologie type of sandfly fever virus was present. for a
period of at least 2 years.  If the events which oceurred in the fourth patieut
tested at 2 yens were, in effect, due to reinfection it may perhaps indicate that
as innuunity wanes reinforcement might be possible by essentially subelinical
Pifectians,

Tests on two Amerienn physicians whio had resided in Palesiine for vary-
ing periods yielded interesting results with reference to the persistence of im-
muuity.  Both of them had lived i Cinetnnati before 1932, and both gave
histories of two previous attacks of the disease during a period of vesidence
in Palestine.

Dr. Helen Glueck hiad her first attnek during the stonmer of 1932, 5 days
after she Iinded in Palestine.  She returned to the United States in 1934 and
lived there imtil 1937 wien she again went to Palestine.  After a trip to Syria
in Angust 1937, she experienced a febrile illness of 2 «ays™ duration ussocinted
with lenkopenia which was again dingnosed as sandily fever; that i, a sccond
attack of the disease after un interval of 5 vears. She returned to the United
States in 1939 and volvnteered for an immunity test in 1943: that is, 6 years
after the presnmnable second attack of sandfly fever. She was ineculated with
the Middle East strain of virus (1 ce. of passage 11T human serum intracuta-
neonsly) and after an incubation period of 8 duys developed a typical, moder-
ately severe attnek of sandfly fever, associnted with characteristic lenkocyte
clinngres,

Dr. Irwin Dunsky experienced his first attack of sandfly fever in Jernsalem
during the snmmer of 1934, and another similar attack, of somewhat diminished
severity, during the summer of 1935. Ile returned to the United States in
1936, where he resided continnessly intil he volunteered for an inmnimity test
in Novewber 1943: that is, 8 yenrs nfter the last presnmuble attnck. He re-
ceived the same virns nnd dose which was administered on the same day to
Dr. Glueck and three previonsly mninocnlated patients.  Three days after inoc-
nlation, he becaie mildly ill (aching in the neck, “giddy,” and mild inter-
niittent abdominal distress) for a period of about 4 haurs during which time
his temperatinre was 1.5° F_nbove his normul level for thnt time of day. Al-
thongh the tatal number of leukocytes dropped from 6,55 to 4,400, there was
no nssocted echnnge in the differentinl formula.

The history of these two physiciuns shows how diffienlt it is to interpret
the sigmiticnnce of presumably repenced attacks in individml patients, when
one is denling with a disease for which there is no specific clinicnl identifying
sign or luborntory test. Thus, one is foced with several possivle explann-
tions. It is possible (1) thnt one or both attacks of the natural disease diag-
nosed as sandfly fever were not sandfly fever, (2) that immmnity to sindfly
fever may not persist, or (3) that multiple imnumologie types of the virus

may be involved.



162 COMMUNICADBLE DISEASES

TABLE 26.-—Perststence of immunily tv homologyous type of sandfly fever virus yn human subjects
rexiding 1n the United States

Interval Intween ex- | Virus previously ! |
perimental attnek | Virus used for challeoge | inoculsted i Subpect i Result
and chalkenge !

]
| E
1 month.____. .| sicilian, passage I, . Nongo ... L | Sanudfly fiver,
|
|

1 cc., intracuta- ! Ro...... i Do.
neous, Sicilian......._.}I...__._. Remained well.
|} Do.
Mo Do.
Ri...... Do.
Middle East, pas- | None. .. _....._ Mc.... Sandfly fever.
sage II, 1 cc, Coeeao o Do,
intracutancous, B. .......[ No fever, but charac-

teristic leukocyte

changes and
| syimptors,
| Middle East. . .| Ca_.... . | Remained well.
| Booa odfa Do.
Wo...... Deo.
| (N | 7 U, Do.
4 months_____ Sicilian, passage V, | None.......... Im... .| Sandfly fever.
0.5 cc., for con- Ro. . Do.
trols, 1 cc., for | Sicilian...._... | A._.._._.' Remeiued well.
convaleseents, I VIR Do.
Fo... .. Do.
Ma. ... \ Do.
| A Do.
Ra_.. ... ' Do.
Middle East ... | D.. .. .. Do.
| — Do.
Wa.... .. | Do.
Me..._. ' Do.
2 years__. _.__| Nicilian, passage II,| None...._.._... Poo.... .t Sandfly fever.
2 cc., intracuta- Mea_ .. .| Do.
neous, Sicilian.__.. ... [ O____... ! Remainetl well.
Middle Easxt_.__| Be... . .. Do,
| OFURE Do.
Me._... | Modifid sandtty (?)
1° F. above normal
| for 24 honirs, 8 days
| after inoculation,
¢ associated with
| characteristic leu-
} kocyte chunges.
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LACK OF IMMUNOLOGIC RELATIONSHIP BETWEEN SANDFLY
FEVER AND DENGUE

There was a tendeney ou the part of Van Rooyen and Rhodes to regard
dengue, sandfly fever, and yellow fever as belonging to one gronp of agents.
1t had already been demaonstinted in the present studies thot sandfly fever virus
conld not. be transmitted by 1. aegypti and, thus, differed very definitely from
the virnses of dengune nnd yellow fever. Tests recorded in table 27 show that
not even partial cross-immnvity conld be demonstraied between the viruses of
dengue and saudtty fever. D'atients wha bad recovered from infections with
either the Middle East or the Sicilian strain of sandfly fever virus developed
typical, inmodified dengne following inocnlation of humau dengue serumn.
Similarly, the disease which following inoculation with sandfly fever virus was
in no way modified when it occurred in nn individual who had recovered from
dengue.

TaBLe 27, Immunologic relationship between sandfly fever and dengue

Virus inoeulated Virus previously imoculated | Interval Rfulject Resuit
(weeks)

S.. ..... Typicsl dengue.
Dengue,  Iawaid (from None . M '

natuoral coses), T ... o
(10 | | PAT O Do.

Middle Enst sandfly | :
{10 Wl Do.
(8 1C....... Do

Sicili . 2 !
icilinn sandfly __.___ (2) ]l'l'" ------ Do.
Sandfy, Sicilian._._..__. Dengne, Hawaii .. 18 | ... Txpical sandfty.

IMMUNOGENIC ACTIVITY OF VIRUS IRRADIATED WITH
ULTRAVIOLET LIGHT

As regards the attempts to prodnce active ity in suseeptible nman
beings, the results described thus fur indiente (1) that snubinfective doses
inocnlated iutracutnneously or iutravenonsly failed to produce imnumity to
larger nmounts of virus; (2) that while the intramnseular and subentnneons
injertion of infective umounts of virns seemingly frequently led to the develop-
ment of an inapparent infection with snbsequent imumniry. this procedure was
impracticable since approximately 50 percent of those imoculnted might develop
the disease: und (3) that virus passaged in chick enibryos or minuse-enibryo
cultnres failed to produce the disense mnl also failel to prodnce it s,
Accordingly, it was of particular interest to determine whether or not inactiva-
tion of the virus by some mild menus, such as irradiation with ultraviolet



164 COMMUNICABLE DISEASES

light, might abelish its infeetivity without loss of immunogenic capacity.
The results of the tests with the Middle East aud Sicilinn stenins of the virns
on 26 patients are shown in table 28. It may be seen that with the particenlar
apparatus used for irradiation the effect on infectivity was highly irregular.
Thus, in the experiment. with the Middle East virns, all four patiei:ts inoculated
with the unirradiated virus developed sandfly fever, while five of the six pa-
tients inoculated with the snme material irradiated for either 15 or 30 mninntes
failed to develop tbe disease.  The one individnal who did develop sandHy fever
was inocilated with sernmn irradiated for 30 minutes. In the experiment with
the Sicilian virus, 4 of 5 patients inoenlated wich the unirmdiated virus de-
veloped the disease, while only 7 of 13 inoculated with the same sernm irvadi-
ated for either 15, 35, or 60 minutes developed the disease. It is worth uoting
that increasing the time of irradiation up to 0 minutes failed to abolish the

Tasie 28.—Efect of irradiation with ultrariolet ligh! on infectivity and immunogenic capactly
of sandfly fever virus contatned in human scrum

I
Experiment ’ Time of ' " Resultof
date rradialion | Inoeninm . Subject Result | subsequent
| Gninules) ! ehallenge ¥

Slran of virus

Mid:dle Fas( pool 24 Nov. 143 0} L cc., Intracutnne- K. . .. Sandfly fever. ...,
of human passage | ‘ ous. [ S N fever but typical
\ sera. | , leukocyte '
! [ ! response.
! 165 odoo. ... o0 Mo Negative. . . . . Negative,
i ' . w3 e — Do.
0 ... .do.... ... M. . S| T\ T e Do.
' Me. .. Samifly fever... . |
8 Dec. 1043, .. 0 . do........... K... oooda !
' L | (T N
B oo ... A Negatite_ . o | Negatlve.
' 8 e 00 L Do.
Kjcellinn poal of .18 Jan. 194 0 .. ..doe. .. .. 'la anG Ay fever... .
hunun pussage Q.. .. No fever but ty pical
111 sera. ) - ) . lenukoey
' spote,
! S Lo Nepative. . ... Negative,
W du.. ... Gl Samdfly ever .. .
! t YL oo ]
: v 1 Nezative. . . Negullve.
i 1. | 1> T S da. . Negative,
! B Sumlfly fever .
| l B L IS dan
! 24 Jan. 194 35 ] 1 S «“ . R T
. Cu Negstive. - Nemutive,
wy . o Da.
Silician pool of (2Peb 19M .. 0 do w. sSnndfly fever
bunn pussuge R- Ao
1V seru.
[ A de | RBr A€o
11} . E
v Negative Negutive,
[ETSS do . | Do.

1 In ths Sieilian virus group, five condrols inoculaled simultiseousty with the sune dose of virs given to the seven suls
pets (a1, D, Co, LV, Poand Gire) for challenge, all des ebped] typrical sunsifly tever: in 1he Middle East group. of fone
controls Inoculated dmult:nenusly with the xume dowe of v s given to the five sutb eets (ML L M. AL S0, (hree devebrpe!
ty pical sandly fever.
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infectivity. However, of the 11 individnals inocnlated with the irvadiated
sernm who failed to develop the disease, all were resistant on subsequent chal-
lenge with virns of proved infectivity in simultaneous tests. Nince subinfec-
tive amoints of nnirradiated virus were not found to be capable of producing
imnmunity, and since it seems imwobable that 11 resistant individmals were
enconntered in these tests, it would appear that after irvadintion by ultraviolet
light for a period iusufficient completely to destroy the virns, subinfective
amounts may, nevertheless, be inmnnogenic. It was intended to repeat these
experiments during the latter part of 1944, nsing a different. machine for ultra-
violet irradiation, but the difficulty was enconntered that the sermin ohtained
from voluntecss who developed typical sandfly fever proved to he noninfec-
tious in amounts of 1 cc. It was not realized until cousiderably later that the
nse of Negro volunteers was probably vesponsible for viclding serum which
eithier was of n very low nfectivity or was completely noninfective. As matters
stand now, no conclusive results nre available, but the data are sufficiently
interesting to warrant repetition.

STUDIES ON AN IMMUNOLOGICALLY DISTINCT SANDFLY
FEVERLIKE VIRUS IN NAPLES, 1944

The incidence of sandfly fever aumong U.S. troops in Italy in 1944 (pp.
120-122) was high. In connection with a study earried ont by Maj. Marshall
Hertig, SnC, and ILt. Col. Ross L. Gauld, MC, of an outbreak among Allied
Force Headgnarters personnel, a nmmber of sera were collected in July 1944,
by Capt. (Iater Maj.) Frederick C. Robbins, MC, Iith Medical Genera! Labo-
ratory, nt the suggestion of Col. William S, Stone, MC, NATOUSA (North
Afriean Theater of Operations, U.S. Army). The clinical manifestations
exhibited by nll these patients were as follows:

1. Abrupt onset.

2. Temperatures high, in some cases 105° F., lasting from 1 to 5 days,
most commonly 3 days.

3. Aches and pains in mnseles with severe headache and often pain in the
eyes on pressure or movement.

4. Diffusely injected conjimnctivae,

5. Low white connts nveraging 3,000 with tendency to Iymplhocytosis.

6. Complete recovery with only symptomatic therapy.

Major Hertig reported that 2. papatusii was practically the only sandfly
found in the building occupied hy these people. The sera, which were stored
in Dry Ice from the time tiey were collected, nltimately reached the United
States and after & numiber ot months were used for passage in human volun-
teers at the New Jersey State I’rison in Trenton.

The serum of one patient was selected for 1rial Leeanse it was obtained
within 24 hiours after onset of his fever. It was colleeted on 12 .Tuiy 1944, and
tested on 18 December 1944; 1 cc. of this sernum was injected intraeutaneously
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in five different sites, and 4.4 cc. were given intravenously to one human volun-
teer. After an incubation period of 3 days, this valunteer developed a 3-day
fever associated with the same type of syinptams which were exhibited by the
patients in Naples (that is, those ovdinarily found in sandfly fever), and this
was associnted with a change in the lenkocytes also characteristically found in
sandfly fever or dengne. Blood was obtained from this volunteer within 24
hours after onset of his symptoms and fever, and . argypti mosquitoes were
allowed to feed on him at thut ime. The serum from this volunteer was sibse-
quently inoculated, during the course of various experiments, in nine other
vohmteers and reprodnced the same disense. The incubation period was, in
nlt instunces, short, nsually 3 days, and in no instance was auy lesion prodiced
locally at the site of inoculation, nor did rash ocenr tn auy of the volunteers.
Two volunteers who had recovered from typical attacks following infection
with the Sicilian strain of sandfly fever virn: 6 weeks aud 11 weeks before,
respectively, were not. imnmne upon inoenlatian with this Naples strain of
virns. Their disense was in no way different from that of the controls nor
from their original attack of sandfly fever. Two other volunteers, who had
recovered from typical, proved infections with the JTawnii strain of dengue
virus, 6 weeks and 10 weeks before, respeciively, developed nnmodified attacks
of the disease following inocunlation with the Nuples strain of virus. Large
mmbers of .. aegypti mosquitoes which fed on two lmmman volunteers within
24 honrs after onset of their fever were snbsequently allowed to hite two other
volunteers ufter prolonged periods of extrinsic inenbution, One of the volnn-
teers was bitten by a totnl of 93 A. aegypt/ mosqnitoes (13 after an 18-day
extrinsic inenbation period, 30 ufter u 29-day extrinsic imcubution period, 24
after a 21-day incubation period, nnd 26 »fter n 32 day ncubation period).
The other volunteer was bitten by a totnl of 84 mosquitoes (20 within a 13-dny
extrinsic inenbotion period, 33 within n 17-day extrinsic incubation period,
and 31 within n 24-day extrinsic incubation period). Both of these volunteers
remained entirely well und 3 to 4 weeks after this exposure were inoculnted
with the Naples virns infections seruin. Doth deveioped the typieal ex-
perimental disease indicating that they were susceptible to this virns and that
the 1. aeqypti mosquitoes conld not act asa vectar of thisngent.

Thus, we had evidence of an agent which was capable of reprodicing a
disease sirmhting sandfly fever in hmman beings, incapable of being trans-
mitted by L. wegypti, but at the same time inimunologically unrelated to both
the dengue and the sandfly fever viruses. In order te determine whether or
not. the Inck of imnmalogic relationship or cross-immunity with sandfly fever
virns worked both wuys, two volunteers who had recovered from infection
with the Nuples virus were reinocnlated with the same virus 1 month later.
They resisted this second inocnlation although ether volunteers inocnlated
simnltaneonsly developed the disense in the usmal fashian. These two volun-
teers, thns shawn to be resisiant to the Nnples virns, were then inuculated with
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the Sicilian strain of sandfly fever virus and proceeded to develop after the
usnal incubation period a typical attack of sandfly fever. Accordingly, it was
proved that the Naples virus, which was capuble of giving rise to immuuity to
itself, was incapable of producing resistance to the only available type of sand-
fly fever virns. Conversely, the Sicilian-Middle East type of sandfly fever
virus capable of giving rise to immunity to itself was incapable of inducing
resistance to the Naples virus. The only wny to prove that the Naples virus
was indeed a sandfly fever virus wonld have been to establish the fuct of its
transmissibility by 2. papatasii. Sinee P. papatasii conld not be imported
into the United Stntes, and since it was not feasihle to carry ont sucn tests nt
that time elsewhere, a gradocol membrane filtrution test was carried ont to
determine whether the particle size of this unknown Naples strain wonla be
similar to or different from that of the Sicilian-Middle East type of sandfly
fever virus. Since the number of volunteers available for this work at that
time was already limited, a small test wns carried out. Serum of known infec-
tionus potency diluted 1:4 in physiologic sult solution was serially put through
grndocol membranes having an average pore dinmeter of 770, 600, 400, 270,
101, and 75 mp.  The filtrates from the 400, 270, 101, and 75 mp membranes
were each iujected into ane volunteer intravenously in amomts of 10, 11, 16,
and 7.3 cc., respectively. The volunteers who received the 400 and 270 mpu
filtrates each developed the typical experimental disease, while those who re-
ceived the 101 and 75 mp filtrntes remmined well. Accordingly, even in this
limited test, it. was found that the filtration endpoint of the Naples virus was
identicnl with that previously ohtained with the Sicilian strain of sandfly fever
virus. Thus, even thongh it proved impossible to carry out the definitive test
of transmission by . papataxii, the available laboratery and circumstantial
epidemiologic evidence suggest that the Naples strnin of virus in all probability
is a strain of sandfly fever virus which is immunologically distinet from
the Sicilian-Middle East variety.®* It has, therefore, been demonstrated for
the first time that multiple immunologic types of sandfly fever virus might
exist, which could explain the reports of multiple attacks in one season,

Only limited tests with the Naples strain of virus were carried out in lab-
oratory animals. Serum freshly obtained from human volunteers within 24
hours after onset. of their fever was inoculated intracerebrally into 2-week-old
Swiss mice. Of the 18 mice inoculnted with human serum, 4 developed rather
definite signs of central nervans system disturbance 5 to G Jays after inocula-
tion, and 3 of these 4 mice died. However, passage of 2 of these mice into 28
others yielded completely negative results. This work liad to be discontinued
before it could be determined whether or not innpparent muliiplication of
the Nuples virns ocenrred in the brains of mice.

st letter Lt. Col. Albert B. Sabin, MC, to I'reventive Medicine Rerviee, OMicr of The Rurgeon
General. attn: Brig. Gen. K. Bayne-Jones, 2% Jan. 1945, smuhject: Incolation of a Sandfly Fever-like
Virun. lmmunclogieally Diatlnct From the Sleillan Bandfly Fev-r and Hawallan Dengue Vieuses,
From the Berum of a l'atlent With a Febrile llinesa Occurring Among 1'rrsonnel of the AFHQ In
Italy During the Summer of 1944.
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CONCLUSIONS

In conclusion, it may be said that while the lnborntory investigations on
the virns or viruses of sandfly fever, which were encountered in the Mediter-
ranean arex and in the Middle East, gave us a good denl more information on
the basic properties of the virus and, also, provided a supply for storage and
future studies, the primary objectives of developing some method of propa-
gating the virus outside the human body and of a vaccine for the protection
of exposed personnel were not attained. It is, therefore, particularly fortu-
nate that DDT was found to bz so highly effective for the control of 1. papa-
tasii in dwellings and that the available mosquito repellents proved so effective
in protecting those who may be exposed out of doors. Even if future efforts
shonld not lead to the discovery of a vaccine, sandfly fever need no longer be
the military problem that it had been in various operations in endemic areas
in the past.

FIELD OBSERVATIONS ON SANDFLY FEVER IN AMERICAN FORCES WITH
SPECIAL REFERENCE TO PERIOD OF COMBAT IN SI.ILY IN 1943

Albert B. Sabin, M.D.

The field observations to be reiated In this section In the history of sandfly fever
Quring World War 11 are intended in filustrate the following points:

1. The sources of confuxinn resnlting from unHmuiiiarity with the disease,

2. The Inadequacy of official statistics on this dinease.

3. The unfortunate resuits of trenting uil F.U.O's as potentinl cases of malarla
under the pressure of combat conditious In a region where sandfly fever is endemic.

4. The Importance of this disease mnier cambat conditions In Sicily In 1943,

5. The failure of putting to practical use the avaiiable information on insect repellents.

Early Experiences

In June and July 143, two epidenles of sandfly fever were olmerved by members
of the Commission on Nenratropic Virus Diseases, Ariny Epldemiobsgicni I3eard, stationed
In the Mbidle East, the first belng at Deversolr Fleld near the Great Blitor Lake on the
Suez Canal, and the second at Camp Atterbury in Teheran (Iran) (p. 13M4). At Deversolr
Field. the epidemic was 2 montha old before its reai nature became appurent to the
medical officers nttached to the installation. The presence of P. papatasii and of an
lilness compalibie with sandfly fever was confirmed by members of the Commisxion, and
Dr. John R. I'ani, Director of the Commirsion, made a personal examinatbm of 1he dis-
pensary records from January tn December of 1043 and graphicaily summarized the data
shwn here as rhart 10. It is noteworthy that In the begiuning sandfly fever was cam-
monly dlagnmed nx Inflnenza. While the secoidary Increase I the number of cases
during September amdd October ix smsocigted with rematinn of Isoi .ion of patients, it
Is not known fo what extent newly arrived permoninel or an lucrease in the number of
samlifiles wr A change in rilmatic conditions may have been invoived. Neverthelosa, It
fx known that patients. who are not isolated or otherwise protected from sandfiles, may
wrve to Incrense the infectinn rate among saniflies. Diring the first mmnth of the epi-
demie i Teheran, the casex were listed aml treated as maiaria.
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Clinical and Epidemiologic Survey in Sicily

In view of these eariier experiences, it appeared desirnble to estimate, it possible,
the extent to which sandfly fever was a problem during the perlod of active miiltary
operatlons in Slehy. The presence of P. papatasii and P. perniciosns on the island was
previousty recorded and canfirmmed in August 1943, by Maj. (iater Col.) Corneiius B.
Phillp, SnC, the entomologist of the Commission on Neurotropic YVirus Diseases in the
Mlddle East. The ciluical and epidemialogle survey was mnde by this nuthor dnring
the first week of September 1943, and most of what foliows is taken from a report
which he submitted to Col. Danici Franklin, Surgeon, Seventh U.S. Arwy, at that thue
aud from suppiementary data contained in his dinry and flies.

The extent to which Americau troops were being affected by samdfly fever was esti-
mated accordlng to two lines of thought: Flrst, by comparlson of the /ilnical manifesta-
tions and course of “fevers” observed In evacuation and fleld hosriials with those of
kuown saundfly fever (the wedical officer umking this comparison and submltting thle
report imd just spent 4 wonths fu the Middie East observing this disense ax it oceurs
in troops nnd studying the experlinentni dlseaxre ns it was reproduced in American volnn-
teers) ; second. by determination of the prabably reiative proportion of wmafarla and the
syndronte corresponding to sandfly fever ou the basis of the ciinical course and mani-
testatious of a large sampie of “Levers” wnaffecied by the cariy adwinistration of the
routine course of antimalarial therapy.

Extenisive rounds were made at the i%h and 2st Evacuatlon IIospitais and at the
11thh Ficild Hospital, where iarge numbers of patients diagnncad as malarin, F.U.0, and
sandfly fever were exaniined and questioned. The findings were ns follows :

59th Evacuation Hospital—Cases then in the hospital diagnosed as pappataci fever
had not recelved the routine conrse of antlmalarini therapy and presented a syndrome
entircly compatible with that disease,

Cnres of fever were seen in the first and second dnys of the disease whose symptams
suggested pappataci fever and were not suhmitted to the course of antimalarlial therapy.

The term “F.U.0.” in this hospital was reserved for cases with negative malarial
smears and cilnieai historles which suggested to them neither maiaria nor pappataci fever,
nor any other diagnosis. These were untrented, except for codeine and asjirl», and re-
covered spontaneously within a few days. My examination of such patieuts ou the wards,
as well as of the clinical records of those that had been discharged, fed me to the bellef
that practically aili of these patlents presented syndronies compatibie with the varfous
manifestations of snudfly fever.

As regards maiarla, the records of this hospital are confused by the fuct that when
the hospital first arrived on the isiand, there had been eviacusted ta it n large nunber of
patlents with the diagnoria of mnlaria on whom routine antlmainriel therapy hai already
been started. It was believed, however, that many «of these patients did nat have malaria
and that in many hwtances the reporta of porltive smears which eanie with those patlents
conld not be reiied npon. Amoug the patienta now on the wardxs, liowever, It wax striking
how the hiatories of those diagnose] ax maalaria, whether or not the smear was positive,
differed significantly from lhose diagnosed as pappataci fever or F.11.0,

Because stundard criteria were nat employed by all the inedieal officers in this hospital,
it was not possible to use the registrar's report for a reilabie estimate of the proportion
nf prohable maiaria and aandfly fever. Among the patients nu the wards. there were at
least ns many with the diagnoses F.U.0. and pappataci fever as there were wilh majaria.

91st Evacuation Hespital.—This hospital presented, in my opinion, the best opportunity
for estimating the relative proportlon of sandfly fever and waiaria occurring in at jfeast
one part of 8icily, for the following reanonx:

1. After approximately the first 3 weeks In Paiermo (27 Inly to abont 15 August 1843)
voutine astimsiarial thcrapy was no longor atarted immediately on all feeera. 1t waa not
admiuistered untii the clinieai course, with or witiiout positive smear, suggested nialaria
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Thus, it was observed that a large number of the fevers defervesced snhontancounsly and
presented a clinical syndrome entlrely conqmtlble with sandfly fever.

2. The medlical officers had decided to use standard criteria for dlagnosis of pappataci
fever and malaria. F.U.O. was used only on the wards nntil the clinical course of the
case became clear, and 1t practically disappeared as a discharge diagnosis from the
reglstrar’s records.

3. The registrar's statistics for the perlod of 14 August to 3 September are based on
the criteria just mentloned.

On one ward of 52 patients, there were 16 witli typical historles and courses of pap-
patacl fever uunaffected by antlmaiarial therupy and perhaps 4 to 6 more stlil dlaghiosed
as F.U.O0.

At my request, the reglstrar, Cnpt, Stewart €. Wagoner, MC, prepared the statlstics
separately for the first perlod (27 July to 13 August) and for the seconl period (14 August
to 3 September), These statistics are shown in table 21 und throw the best light on the
proportton of probabic malarla to probable sandfly fever.

The statistics of the first perlod are not unlike those of the 59th Evacuatlon Hospitai,
while those of the second period present perhaps the most accurate picture of what oc-
curred among a group of 922 cases of “fever” (excluding dysentery and diarrhea). Ap-
proximately 69 percent of these (637 cases) could be consldered as pappatacl fever—their
clinieal course was compatible with that disease; they recovered promptly wlthout antl-
malarial therapy, and thelr malaria smears were negatlve,

Durlng the second period, the probable sandfly fever cases constitnted 58.6 percent
(637 of 1,087) of the total communicable dlseases and 33.2 percent (637 of 1,914) of
all the admisslons to the 91st Evacuntion Hospltal.

11th Field Hospital—The situation in this hospital was stlll 1he same as that which
prevalled everywhere during the early weeks of the campaign; lhat is, practlcally all
patlents with fever except those with obvlious dyseutery were put on the routine conrse
of antimalarlal therapy.

The medical officers had heard of sandfly fever hut did not attempt to make the
dlagnosls.

TasLe 29.— Admission, classificalion, and discharge diagnosia, st Evc--ation Iospital,
Palermo, Sicily, 27 July—-3 September 1943

Claseifteation or discharge iagnosis ‘ aJuly- | 14 August- Total
| 15 Augut | 3 Beptember
_— | ; —
l Nvmber Numbet Number
Battlecasualties. ... ... L iieeiiiiiiieiiioee. H 433 L] w
Injuries.. ... e e | 346 182 0
o= | =i -—
Total admieslons..... . .. e e f 3,00 | 1om | s.507
[,
DIYBONEOrYa. . oiiii s ceis L e e e ieien aaeeseeenes 3| 58 8
DisfThes...... ... 5 6o o @as o ooooa B o o - a2 o 3z
Pappatacifever................ ... . . Ao o amomecEcao 8 . L Y] 437 ~0
Fever of undetermined origin._ ... R e 05 | 4 509
Malaria: !
Unclassified (positive smeat)....._ ... ... ......._ .. r | M 4 »
Unclassifed (negative smear, disenosed clinieslly). . | b L] ¥76
TertAn . . eieneiieiieiieees e el e | | M
Estivoautumnal............. % son oo o s 0 w0 ! a5 264
== e
Total communicable diseases....._ . ........ 1,888 . 1,087 2.9

Novr.—-Afer about 14 August 1943, nwularial therapy was no longer adn aistere! mutinely tos! * fevers.”
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Of four new patients with negative walaria smears whom I examined and questloned,
three gave ruther typical stories for begipning sundfly fever (thexe would hnve heen
ohserved at the Y1st Evncuation Hospitai but were imnediately started on antimalarlal
thernpy here) and one a shuilariy snggestlve story of wmaiarin--a history of recurrent
attucks of fever nud spontnneois defervescence over a jeriod of 5 days with n temperature
of 98.4° I, on admisslon,

Two patlents who had positlve siwears and had been recei ving the course of antimalarlal
therapy for a nmuber of days were examlned and questloned. One gave a typieal history
of maiuria; that is, recurrent chilis and fever hefore treatment and for a period of 3 days
after qulnine. The other, however, gnve n common story 0 sandfiy fever with a temperature
of 101° F. on the first day, 100° an the second day, and 99° ou the third day of his lllness.

One patient who was said to have a pusitlve smear on admission presented the most
characteristle mnnifestatlons and conrse of infectlons hepatitis.

The nrobiems presented by sume of these patients are (1) the occurrence of other
febrlle diseuses nmong indlviduals with positlve malarln smears an suppressive therapy,
and (2) the nmuber of smears that may erroncously e cniied paosltive in the field.

Estimated Incidence

An extimate of the extent to which the fevers (mafaria and pappatuci) . ere na prob-
lem durlug the campaign was ohtained from Interviews with the commandlng fiicer of the
86th Medical Battallon and the surgeon of the 3d Infintry Divisian of the Seventh U.S.
Anny, und from the statlstical compliation whlch was made avallnble by the Office of the
Surgeon, Seventh U.S. Army.

From the 6th Medical Battailan, It was learned thnt, durlng the first 10 days of the
campalgn, fevers were not a probiem and that casualtles constltnted the major part of
thelr work. After 22 Jnly, however, the impresslon was thnt casualtles made up only 10
percent of thelr work and the fevers most of the remalnder. Antlmalarial thernphy was
started on practlcaliy ali fevers, and because the patlents were quickiy evacuated, there
was o oppsirtunity to reach any final conciusion on the nature of the disease In most
instances. The impression was that many of the smears were probably erroneously
callel posltive and that at lenxt 1 certain nnmber of nntreated troaps had self-llmited,
shart (2- to $-dny) fevers Incapacltating them for 5 to 7 days.

From the 3d Infantry Divisjon, it was also learned that the fevers did not become
a problem untll after 21 July when the divislon entered and hlvonacked In Palerna. Durlng
the second part of thelr campalgn, 1-17 August, with a total strength of 18¥14, they had
1,257 enses af dlsease, 201 of lnjury, and 1,005 of woumlel, Although the divislan
adopted n rigid Atabrine (guinacrine hydrachloride) Jdixclpline after 23 July (.1 gui. belng
taken dally), the canes of fevers contlnued to monnt. Hawever, very few ‘muen were
106t to the divislon as a result of fevers, The majority were evacuated to the fleid hospital
and to the evacuatlon hospital which foliowed the division and were returned to duty in
4 to 10 days. The percentage slck in hospital at any one thime was nat more than 1
percent, and the function of the divislon waa sald not to have been affected serjously.

The statlstles for disease reported for the entire Neventh U.8. Army durlug the period
of 10 July 143 (D-day) (o 3 September 1043 (table $0) llated only 248 (ases of sandfly
(pappatacl) fever, hut at the same thne, there were (,862 cases of F.U.0). and 7352 canen
of malaria. of which only 4,831 had pewitive smears. The comnbiped lucldence of sandfly
fever, F.U.O., and malaria was 14,402, If the same proportlon (876 percent) of sandfly
fever which was found among the 2 carefully ohwerved patlenta with this group of
“fevern” at the 91at Evacuatlon Honpital In applled 10 the fever casex (9081, excluding
the 4,831 malaria cases rewrted to have had pwwitive smears) for the entlre Seventh
U.8. Armiy. for the reported perlid, it 18 entimated that approximately 8500 may have heen
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sandfly fever.” The admission diagnosis in the majority of these cases was F.U.0. and
the proper diagnosis made oniy ou discharge when it was justitied by the clinieal course of
the ilinesx.

TABLE 30.—Incidence of disease tn entire Seventh US, Army brtween 10 July 1943 (D-day)
ond 3 September 1943

Period ending—

Classt@icution July August '
e 3 sep- | Tolal
. . | } tember |
LA T | © 1 | 20 M
) | [——
| : ' ' ! I | !
Communloable diseases . . . [ e sl 201 22| wol am| am! ase] 1208
Venereal disenses. ............. m v w W ™ ” &’:] 81 167
Dysentery....... ! 37 w4 83 | 1w 180 186 1 139 959
Diarthes.. RPN Y- 4 K41 399 20 388 an 2% 47| 2,274
Jaundice... oovoimeennnnas R 5 2 4 2 13 10 2] 17 77
Bundfly /Dappataci) fever...... ....... .. '| 1 H 13 85 49 [ 248
Fever of undetermined origin_. .. o 2, 1L1IT7 [ 1,82 1,581 84 |  RET 543 6,462
MalStees s ieeeeecoemaeennne e 8V 2581 438 84| 1,885 | nose! 1246 | 057 | 17,382

) Total number with positive blood smeurs 4,831,
Bource: Compiled from records fn the Office of the Surgeon, Headquarters, Beventh U.8, Army, Palermo, Slcily.

The effect of increased familiarity with the disease and of the cessation of routine
antimajariai therapy to all undiagnosed fevers or the relative incidence with which
mauiaria and sandfly fever were diagnosed lu one evacuation hospitai (91st) in Siclly Is
shown in tabie 31. It can be seen that the change in the Incidence of sandfly fever from
1.4 percent to 33.3 percent of ali admissions is correlated with a drop of F.1°.0). from K3
percent to 0.2 percent and of “negative-rmear-unciassified” majaria from 21.4 percent to
4.5 percent. Birt,*® in 1915, writing of the British experience in India, suggested that
before 10056 mont caned of sandfly fever were diugnowd an majaria and made n rema.k
which aiso appears to be applicabie to the American experience in Siclly in 1043 :

“¢ * ¢ Without doubt many of the cures attributed to quinine have been in times past
nothing hut the naturai terminations of cases of sandfly fever. Hinee five or xlx thousand
attacks of sandfiy fever occur annually among the European and Indian troops, the
amonnt of quinine which has beeu useiessiy expended has been enormous.”

Of even greater Importance than the waste of quinine may have been the neediess
evacuation of some thousands of men to the communications zone in Africa for further
treatment against a malaria which was nonexistent. The extent to which thix may have
occurred is again suggested hy the statisties obtained by the writer from the Hist Evacua-
tion Hospital, which, it is to be recalied, entablished rigid criteria for the diagnosis of
malaria and sandfly fever after about 13 August. Nevertheless, during the period of 27
Juty to 25 August 1043, this howpitai evacuated to the communications sone 2,400 patients.
Of these, 382 were battle casualties and 2517 were patients who had been admitted for
disease and nonbattle injury. It is ciear from other statisties of this hoepitaj alveady

® From sulsequent tabulations of individual medicel records, which incorpirate corrections tw
diageoses, '* was shown that a total of approzimately 3.000 cases of sondfly fever occurred amoug
U.8. Army  sreonnel in the Mediterranean theater in 1943, About 3.200 of these canes occurred
during the 5 av.ths, July-September.

® Rirt. ©.° Phledbotomus Ferver (Bandfly Fever): Phicbotomus or Sandfiy Fever. Brit. M.J. 2:
16R-168. , i: 918,
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TaBLE 3i.—Effect of increaxcd familiarity with the discase and ceasation of routine antimalarial
therapy to undiagnoscd fevers on incidence of diagnosix of samifly fever, 218t Evacuation
Hospital, Palermo, Sicily, ¢7 July-3 September 1443

! Percont of total sdiniee M3 diagnosed ss—

Period ——————— e — = -
Unciassified U elusrdBed] I

(number) .\‘.ndﬂyl F.UO,
H . Falcr
(negative  (positive  Tertian - jmrum Al types

t | mwewr) shwnr)
20 July-13 August (anthmalarial |
therapy given lo all undiag- | !
nosed “levers™)... . . ...... ! 3,063 | L4, 83 2.4 L] (%] 5.4 B0
14 August-3 September (no anti- ! .
malarial therapy o undiag- k i
1.8 5.0 34 [ L %4

nosed “‘fevers”)........ ...A.._l L9 n3, .2 45
I

presented in tabies 29 and 31 that a large number of lhese were innde np of patients on
whom quinine therapy was begun without clearly establishing thie diagnosis of malaria

Insufficient Use of Insect Repellents

It is important to bear (n mind that the eventx in Biclly In 193 ocrurred hefore the
Important demonstration by Major Hertig of the great effectivenens of 1)DT In the control
of P. papalasii. Nevertheless, it is equaliy lmpwriant to recnil that the large stores of
(nsect repellent, which had been accumulated Ly the Army, and whvee effectivences againat
P. papatarii had been demonstrated in May 143, were practicaliy not utilized at all in
the campalign in Slcliy. which did not begln untli 10 July 1341, Personal inquiry revealed
that neither the medlcal oificers nor the command officers were aware of the protective
properties of Insect repelients against P. papefanii and apparently had not heen alerted
regarding sandfly fever as & posalble, significaut cause for discare and noneffectlveness
in this area of operations. It seemed qulte clear to thls investigator that the Sicily Cam-
paign falled to benefit from the extensive '‘vork that had been done on insect repelients,
because the succeasful use of repclients .epends to a large extent on enforcement by
command officers, who must be informed and advised by their medical colleagnes.



CHAPTER X

Typhus Fevers
S:anhope Bayne-Jones, M.D.

Part I. Epidemic (Exanthematic) Louseborne Typhus

The two varieties of typhus fever, epidemic and murine, to be considered
in this chapter are a closcly related pair among the arthropodborne rickettsial
diseases of man. .Although they have a number of similar charactesistics,
they differ to such an extert that they require separate sections for the ac-
counts of their occurrence, effects, and measures for their prevention and con-
trol. Accordingly, part T wil! deal wi'l epidemic (exanthematic) louseborne
typhus and part 11, with murine (endemic) fleaborne typhus,

From the vantage ground of niodern control over these diseases, it is
ossible to write about them less luridly than has been the custom in the past.
Nevertheless, some of their traditional characteristics must be recalied to pro-
vide a basis for understanding not only the precautions that were taken
routinely, but alse the occasionul excesses, inspired by terror, that were com-
mitted in the cause of protecting troops and civilians against the possible
ravages of epidemic typhus. 7 hroughout centuries, epidemic typhus Las been
drended as a killer, a disorganizer of human communities, and a threat to
militnry operations. It las been notorions as one of the great pestilential
scourges accompanying war, famine, and the dismal calamities of nations. It
has determined the outcome of military campaigns and has had a fateful
influeuce upor the course of history.

During World War 11, epidemic typhus was no problem in the continental
United States. It occurred in this country only in occasional cases of men
brought in by airplane while they were in the incubation period or early stages
of the disease. The mild form of recrudescent typhus known as Brill’s dis-
ease was of no military conseyvence. On the other hand, epidemic typhus
was a constant threat in most of the theaters of operations overseas, except
in the Middle, South, and Southwest Pacific Areas. In North Africa, the
Middle East (Near Fasc), Europe, Japan, and Kores, it occurred in severe
epidemics among the civihan populations and occasionally in small episodes
among U.S. Army personnel. In contrast, murine typhus was a problem for
American troops in camps, in extracantonment areas, and in the regions used
for maneuvers in the southern portions of the United States, and to a slight
extent in Hawaii.

175
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GEOGRAPHIC DISTRIBUTION OF EPIDEMiC AND MIIRINE
TYPHUS

The ocenrrence nad degree of incidence of :pidemic and murine typhus
in varicus parts of the world are indicated in map 3. This map is essentinlly
the same as (Le one prepared in the Preventive Medicine Service, Office of The
Surgeon General, in 1943. The chief additions are the heavy shading over
Japarn to indicate the high incidence of epidemic typhns there in 1945, and
the cross hatching over northeastern United States and Yugoslavia to indi-
cate the occurrence of Brill’s disense, definitely recognized since 1951 as re-
crudescent epidemic typhus.

THE RICKETTSIAL DISEASES OF MAN

The rickettsial disenses of man, whicl: inclnde the typhus fevers, are
caused by minute, highly parasitic micro-organisms occupying a biologic posi-
tion between the bacteria and the viruses. The organisms usually oceur within
the endotheliz! cells of the smaller blood vessels of many organs of the body,
and cirenlace in the bloodstream in the early phases of infection. They have
not been cultivated ontside of living animal cells. Nearly all species are trans-
mi‘ted by arthropods, but some can be transmitted aerially by particles which
are inhaled, or are deposited in the conjnnctival sac of the eye or upon the
mucnus membrane of the nose of the human victim, Some have reservoirs in
the lower animals, such as rats, mice, voles, rabbits, and dogs. Their cycles of
growth are complicated and are not fully known for all species. As the etiolog-
ical agents of tha more iniportant rickettsial disenses of man, such as the
typhus fevcys, have stages in arthropods, these agents are particularly vulner-
able to attack directed agaiust their insect vectors. Hence, during World War
IT, control measures were based largely upon destruction of the insect trans-
mitters. 1n addition, a considerable degree of protection wes gained by im-
munization with vrccine composed of rickettsial bodies and their antigenic
components. During the war, the treatment of typhus was supportive, al-
thongh some progress in chemotherapy was made by the administration of
PABA (pars-aminobenzoic acid). Effective therapy with antibiotics (chlor-
arphenicol, Aueromycin, and terramycin) was not developed until 1948 and
later. For an authoritative presentation of information about the rickettsial
diseases of man, the reader is referred to the treatise edited by Rivers.!

During World War II, the important groups of the rickettsial diseases of
man from the point of view of military preventive medicine were the typhus

iRivers, Thomas M. (editor): Viral Iafections of Man. PhiladelpMa: J. B. Lippincott Co.,
24 ed'tlon, 1G32. Jn this volume sos especlally: Suyder, J. C.: The Typhus Fevers, pp. 578-610;
Cox, (1. R.: The Bpotted Fever Group, pp. 611-637; Smadel, J. E.; Scrub Typhus, pp. 638-651;
and Smadel, J. E.: Q Fever, pp. 652-664.
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fevers,® the spotied fevers (ch. XII), scrub typhus (ch. XI), and Q fever.?
Trench fever, which :aused so much illness among American and British troops
during Worid War I, did 1.0t reappear during World War II.  Tle reuason for
this is £s unclear as are the uncertainties as to the true nature of the disease
called trench fever. Rickettsial pox was not discovered until after the war,
ard there are no retrespeciive diagnoses of it among troops of the war period.

Statistics of the iucidence of the chief rickettsial diseases and the deaths
the; cansed among U.S. Army personnel from 1942 through 1945 are pre-
sented in table 32. These figures were compiled from medical records giving
final diagnoses.

The statistics in table 32 epitomize an experience that was not expected
when the United States entered the war. Among troops, the dreaded epidemic

TaAsLE 32.— Incidence of and de.aths due to certain ricketisial diseases in 17.S. Army personnel
during World War 11, 1948-46

{Preltminary dati based on saruple tabulatlens of indiviiual medicsl recurds]
[Rate exixessedl as number of cases per annum per 1,000 average st .engthi

Ricketisial lcease Number of Incidence Number of
cases rate deaths
I
Epidermnie (exar.thrmatic) louseborne typhus:
Coentinental United Staves. ... .. oo .... 0 0 0
Overseas. _. __ . _ .. o iiciana. 104 01 0
Sotal Arn .. iieemiceenana 104 0. 00 0
Murine (endemic) fleaborne typhus:
Continental United States. . ... ' 497 .03 1
Oversen: o eiiiccccaccicecccenaaan 290 03 14
Total Ammny. . oo i... 787 .03 15
Scrub typhus, miteborn., tsutsugamushi disease:
Continental United Statea . _______ ________. 5 0. 00 1
OVerseas. __ .. ... oo icccceeeaaaeona 5,436 .52 282
Total Army .. oo icccicieccccceaaaan 5, 441 .21 283
Undifferentiated typhus. . .___ . . __ . ____.__..___ 110 0. 00 0

Nors.—Absolute 3ero i3 ladica:od by tero in the units column; 0.00 indicates s rste of more than tero but less than
0.008.

T Fur x detalled presentativn of the eiinlcal and Immunological aspects of typhns fevers, see
Zarafonetls, Chris J. D.: The Typhns Fevers, In Medical Department, Unlted States Army. Internal
Meditiiie In World War 11. Volume 1I. Infectlons Diseases. Wasbhington: U.8. Government Printiag
Office, 1943, pp. 143-223.

*Dingle, Jnhn R.: Q Fever. In Medlcal Department, United States Army. Preventlve Medicine
In World War IT. Volnme V. Communlcable Diseases Transmlitted Through Contact or By Unknnwn
3ler us, Washington : U.B. Government Printing Office, 1960, pp. 401-410,
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typhus with only £04 cases and no deaths was mnch less a cause of sickness and
Joss of life than was the more complacently regarded murine typhns, which
caused 787 cases and 15 deaths. The iow incidence and absence of mortality
of epidemic ty phus attest to the extraordinarily effective mensures that were
apphed for the pretection of troops in all areas in which that disease was
ocearziry, sometimes in epidemic proportions, among the enveloping civilian
populationz, On the other hand, there was a mistaken zotion that murine
typhus was a mild disease only. Control measures against it were less complete
and less effective, and troops were not vaccinated against murine typhus. In
another dircction, the violence of the onslaught of miteborne scrub typhus in
the Southwest Pacific Arean {chiefly in New Guinea and adjacent islands, and
in the Philippines) and in the China-Bnrma-Indin theater had not been antici-
pated. At the wart, little informaticn was available upon which to base esti-
matcs of the risks feom serb typhus in these crens. Protective measures had
to be devised in the midst of the encouuter. There was no specific therapy.
During the period from 1942 throngh 1945, scrub typhus was the cause of ill-
ness in 9,441 military personnel, witli 283 deaths. It was the most serious of
the rickettsial d'seases that aifected U.S. Army personnel. Scrub typhus,
however. unlike epidenii: typhus, lacked the potentiality of causing widely
spreading epidemics because it was not transmissible from person to person.
In seversl instances, nevertheless, it was a serious hindrance to military
operatiors.

The incidence of epidemic, louseborne, typhus fever in the U.S. Army by
theater and year, 1942-45, is shown in table 33. There were no deaths from
epidemic typhus among troops. 'The average duration of illness was 22 days.
The estimate of daily noneffectiveness per 1,000 average strength was less
than 0.005—=u negligible rate.

EPIDEMIC (LOUSEBCANE) TYPHUS

Historical Review to 1941

By exerting great influence upon the undertaking and outcome of military
campaigns and by killing thousands to millions of people or by so sickening
populations as to keep them depressed for long periods, epidemic typhus
has been at times a major determinant of political, economic, and military
conditions. While this has occurred in many countries, the mast important in
recent times were the outbreaks of typhus in Europe, the Balkans, Russia,
North Africa, and the Middle East. The volumes of Prinzing ¢ and Zinsser®
are still standard sources of information on <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>